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SECTION  I 
EZECDTIVE  SQMMART 


This  report  describes  basic  research  aimed  at  understanding  principles  of 
brain  hemisphere  functioning  that  can  be  applied  to  improving  human  perfor¬ 
mance.  Although  the  brain  hemispheres  are  similar  in  shape,  each  has 
specialized  capabilities  and  unique  resources.  The  manner  in  which  each 
hemisphere  functions  is  an  important  determinant  of  the  efficiency  with  which 
certain  types  of  stimuli  can  be  processed  and  certain  types  of  responses  can 
be  made.  More  refined  understanding  of  principles  of  brain  functioning  can 
Improve  prediction  of  the  Impact  of  specific  stimulus-response  configurations 
being  considered  in  training  design,  human-machine  Interface  design,  or 
personnel  selection.  The  ultimate  goal  of  the  research  is  to  contribute  to 
improving  performance  in  the  stressful,  information-overload  environments 
frequently  confronted  by  military  operators.  In  such  conditions,  it  is 
critical  to  optimize  as  many  factors  as  possible,  including  those  Influencing 
the  efficiency  of  brain  functioning. 

The  research  is  most  relevant  to  understanding  performance  which  must  be 
based  on  visual  information  which  is  perceived  to  the  left  or  right  of  where 
the  operator’s  vision  is  focused,  i.e.,  information  which  is  perceived  in 
peripheral  vision.  Such  conditions  are  often  faced  by  pilots,  who  must  detect 
visual  signals  in  the  cockpit  while  focusing  on  events  outside  of  the  cockpit, 
or  by  operators  of  other  complex  systems,  who  must  focus  on  a  particular 
display,  but  also  detect  critical  signals  on  other  displays  located  to  the 
left  or  right.  In  such  conditions,  because  of  the  way  the  nervous  system  is 
organize'd,  the  visual  signals  appearing  lateral  to  the  point  of  visual 
fixation  are  Initially  received  by  only  one  of  the  two  brain  hemispheres.  The 
efficiency  with  which  that  hemisphere  can  process  the  received  Information 
will  therefore  affect  the  overall  quality  of  performance. 

The  research  also  has  great  relevance  for  predicting  performance  in  tasks 
in  which  a  critical  response  involves  finger  movements  by  one  hand  (e.g.,  a 
button-pressing  response).  Such  responses  depend  heavily  on  the  functioning 
of  one  hemisphere.  Here,  again,  the  efficiency  of  that  hemisphere  for 
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dlrecclng  the  response  can  affect  the  speed  of  performance. 

The  focus  of  the  research  was  on  understanding  factors  governing  the 
magnitude  of  Intrahemlspherlc  Interference  between  different  processing 
activities  associated  with  the  same  brain  hemisphere.  Such  interference 
reduces  the  efficiency  of  that  hemisphere  and,  hence,  of  performance.  Of 
particular  interest  was  the  influence  upon  performance  of  interactions  between 
two  critical  aspects  of  information  processing:  stimulus  processing  required 
to  recognize  and  make  decisions  regarding  stimuli,  and  response  processing 
required  to  organize  and  execute  motor  responses. 

These  factors  were  studied  in  a  series  of  seventeen  experiments  conducted 
at  Georgia  Tech  over  a  three-and-one-half  year  period.  The  conclusions  of  the 
research  are  as  follows: 

1.  Speed  of  performance  can  be  significantly  increased  or  decreased 
by  the  nature  of  interactions  between  stimulus  processing  and  response 
processing  activities  associated  with  the  same  hemisphere.  Vlhether 
performance  is  degraded  or  facilitated  appears  to  be  related  to 
characteristics  of  the  task  which  determine  the  general  level  of  central 
processing  difficulty,  and  to  the  dependence  of  stimulus  processing  upon  a 
specific  brain  hemisphere. 

2.  In  tasks  vulnerable  to  the  degrading  effects  of  intrahemlspherlc 
interference,  reduction  in  response  processing  difficulty  decreases  such 
effects,  and  results  in  faster  response  time. 

3.  Effects  of  intrahemlspherlc  Interference  upon  performance  are 
manifested  in  a  variety  of  ways:  a.  in  terms  of  slowing  performance  based  on 
stimuli  in  a  particular  location,  l.e.,  either  those  to  the  left  or  right  of 
the  point  of  visual  focus,  or  b.  in  terms  of  slowing  performance  by  one  hand, 
relative  to  the  other.  The  latter  effect  can  result  in  left  hand  response 
being  faster  than  right-hand  response,  for  right-handed  subjects  performing 
certain  tasks. 

4.  There  are  Individual  differences  in  the  magnitude  of  Intra- 
hemispherlc  Interference,  and  in  the  manner  in  which  such  effects  degrade 
performance.  Identification  of  measurable  characteristics  associated  with 
these  individual  differences  can  be  used  to  better  tailor  system  and  training 
design  for  particular  individuals. 
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Given  the  basic  nature  of  the  research,  the  applied  implications  require 
further  validation  in  conditions  closer  to  those  faced  by  military 
operators.  However,  the  preliminary  implications  can  be  broadly  stated  as 
follows ; 

1.  Lateral  locations  for  stimuli  and  types  of  responses  which  have 
been  determined  to  be  optimal  for  one  task  should  not  be  assumed  to  be  optimal 
for  other  tasks.  The  nature  of  the  task  can  cause  variations  in  brain 
hemisphere-related  effects  which  result  in  differences  between  tasks  in  the 
nature  of  optimal  stimulus  and  response  characteristics. 

2.  In  tasks  requiring  discrimination  between  stimuli, 
intrahemispheric  interference  may  be  minimized  and  response  time  speeded  if 
operators  are  required  to  make  motor  responses  for  only  a  subset  (Ideally, 
only  one)  of  the  stimuli.  This  is  because  reduction  in  the  need  to  choose 
between  motor  responses  reduces  interference. 

3.  If  either  the  right  or  left  hand  can  be  used  to  control  a 
response,  preliminary  testing  should  be  done  to  determine  if  one  hand  responds 
more  quickly  for  a  given  task.  It  should  not  be  assumed  that  the  right  hand 
will  be  faster  for  right-handed  individuals. 

4.  Since  there  are  Individual  differences  in  the  magnitude  and  nature 
of  hemisphere-related  effects  upon  performance,  the  precise  level  of  perform¬ 
ance  of  a  given  task  by  a  given  individual  is  difficult  to  predict.  Addi¬ 
tional  research  is  necessary  to  identify  measurable.  Individual  characteris¬ 
tics  predictive  of  the  magnitude  of  such  effects.  At  this  time  it  is 
recommended  that  for  highly  critical  tasks,  preliminary  screening  be  performed 
for  each  task  to  select  individuals  whose  performance  is  optimal  for  that 
Cask. 
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SECTION  II 

background  to  the  research 


A.  Introduction 

This  report  describes  research  examining  certain  principles  of  brain 
functioning  and  their  Impact  on  human  performance.  The  report  is  organized  as 
follows.  The  remainder  of  this  section  and  Section  III  summarize  Information 
detailed  In  two  earlier  Interim  reports  (First  Interim  Report,  April,  1983; 
Second  Interim  Report,  January,  1984).  The  remainder  of  this  section  briefly 
reviews  the  theoretical  and  empirical  basis  for  the  research.  Including  the 
rationale  and  objectives  of  the  selected  approaches  to  examining  the  questions 
of  interest.  The  practical  Importance  of  the  research  is  also  indicated.  In 
Section  III  are  summarized  Che  results  and  conclusions  of  the  first  twelve 
studies.  The  reader  is  referred  to  the  interim  reports  for  greater  detail. 

The  focus  of  this  final  report  Is  on  research  conducted  since  Che  last 
interim  report  was  written,  and  on  integrative  conclusions  and  recommenda¬ 
tions.  In  Section  IV  are  detailed  Che  purpose,  methods,  and  results  c* 
Experiments  13  through  17.  In  the  later  phases  of  the  research,  analysis  oi 
individual  differences  became  of  major  Interest.  These  preliminary  analyses 
are  described  In  Section  V.  Overall  conclusions  regarding  the  research  are 
discussed  in  Section  VI.  These  Include  conclusions  regarding  theoretical  and 
applied  implications  of  the  research,  as  well  as  recommendations  for  future 
research. 

B.  The  Context  for  the  Research 

When  stimuli  are  perceived  In  a  lateral  visual  field,  their  direct 
retlnocortical  projections  are  to  the  hemisphere  contralateral  to  that  visual 
field.  As  Figure  1  illustrates,  stimuli  occurring  In  the  left  visual  field 
initially  project  to  the  right  hemisphere  and  stimuli  occurring  in  the  right 
visual  field  Initially  project  to  the  left  hemisphere.  Also,  hand  movements 
(particularly  fine  finger  movements)  are  largely  controlled  by  the  hemisphere 
contralateral  to  the  responding  hand  (Brinkman  &  Kuypers,  1972;  Lawrence  & 
Kuypers,  1968;  Myers,  1962).  Thus,  by  manipulating  visual  field  of  stimulus 
presentation  and  response  control,  one  can  control  both  the  hemisphere  which 
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Left  Vlaual  Field  +  Right  VIeuel  Field 
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Figure  1.  A  Schematic  Diagram  of  Neural  Connections  to  the  Cerebral 
Hemispheres. 


initially  receives  stimulus  information  and  the  hemisphere  which  controls  the 
response. 

Because  of  these  contralateral  connections,  performance  based  on 
laterallzed  visual  stimuli  is  affected  by  the  processing  capabilities  of  the 
hemisphere  to  which  they  project.  These  effects  are  manifest  in  two  major 
ways.  First,  specialization  of  each  hemisphere  for  certain  types  of  process¬ 
ing  can  cause  performance  to  be  better  %fhen  stimuli  are  directly  projected  to 
the  hemisphere  specialized  for  the  type  of  processing  required  for  task 
performance.  The  left  hemisphere  has  been  described  as  being  better  at  tasks 
requiring  verbal/serial  processing,  while  the  right  hemisphere  has  been 
described  as  being  better  at  tasks  requiring  vlsuospatlal/whollstlc 
processing.  Although  there  has  been  considerable  recent  discussion  of  the 
dimensions  discriminating  the  hemispheres'  specialized  capabilities  (e.g.,  see 
Bradshaw  &  Nettleton,  1981;  Sergent,  1982),  a  wealth  of  converging  evidence 
supports  the  notion  that  specialized  hemispheric  capabilities  can  affect  the 
quality  of  performance. 

Second,  a  variety  of  evidence  suggests  that  independent  processing 
resources  associated  with  each  hemisphere  Influence  the  capability  of  each 
hemisphere  to  process  stimuli  projecting  to  it.  Within  the  past  few  years, 
several  major  conceptual  papers  (Friedman  &  Poison,  1981;  Friedman,  Poison, 
Dafoe,  &  Gasklll,  1982;  Wlckens,  1980)  have  argued  that  the  two  hemispheres, 
although  highly  communicative  with  one  another,  may  have  separable,  indepen¬ 
dent,  processing  resources.  This  suggests  that  performance  will  be  better  if 
Cask  demands  are  divided  between  Che  hemispheres,  thus  utilizing  Che  resources 
of  both  hemispheres.  Conversely,  there  may  be  intrahemispheric  interference 
between  processing  demands  associated  with  the  same  hemisphere  because  only 
the  limited  resources  of  one  hemisphere  are  being  capped.  Such  Interference 
may  reduce  the  quality  of  performance. 

A  large  number  of  empirical  studies  support  the  notions  that  there  are 
hemisphere-associated  processing  resources,  and  that  interference  may  occur 
between  task  demands  imposed  on  a  single  hemisphere.  The  studies  fall  Into  a 
variety  of  categories:  a)  those  demonstrating  interference  between  stimulus 
processing  activities  associated  with  one  hemisphere  (Dimond,  1972;  Moscovitch 
&  Klein,  1980),  b)  chose  demonstrating  interference  between  stimulus  process¬ 
ing  and  memory  activities  (Geffen,  Bradshaw  &  Nettleton,  1973;  Hellige,  Cox  & 
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Lltvac,  1979),  c)  chose  demonstrating  Interference  between  response  activities 
(Hicks,  1975)  and  d)  those  demonstrating  interference  between  stimulus 
processing  and  response-associated  activities  within  one  hemisphere  (Green, 
1984;  Gross,  1972). 

The  results  of  these  studies  all  point  to  the  conclusion  that  there  is 
sometimes  interference  between  processing  activities  occurring  within  one 
hemisphere.  The  fact  chat  performance  is  facilitated  when  these  processing 
demands  are  divided  between  the  hemispheres  suggests  that  each  hemisphere  has 
Co  some  extent  its  own  processing  resources,  which  cannot  be  allocated  to  the 
ocher  hemisphere.  This  supports  the  conceptualization  of  the  two  hemispheres 
as  separable  information  processing  systems,  somewhat  Independent  of  one 
another,  each  having  a  certain  degree  of  non-sharable  processing  resources. 
This  is  consistent  with  dual  channel,  rather  Chan  single  channel,  models  of 
Che  brain. 

The  Implication  of  this  view  for  visual  task  design  is  that  performance 
may  sometimes  be  facilitated  if  the  task  design  encourages  a  division  of  pro¬ 
cessing  activities  between  Che  hemispheres,  thus  minimizing  Intrahemispheric 
interference.  In  particular,  for  a  given  response,  reaction  time  to  lateral 
stimuli  may  be  faster  if  stimuli  are  projected  to  Che  hemisphere  not 
controlling  the  response.  This  implies  Chat  for  manual  responses  involving 
heavily  unilateral  hemispheric  control  (e.g.,  finger  movements),  performance 
may  be  optimal  when  the  stimulus  appears  in  the  visual  field  contralateral  to 
Che  body  side  of  hand  origin. 

The  major  motivation  for  the  present  research  tfas  the  observation  that 
despite  both  theoretical  and  empirical  justification  for  such  a  design 
principle,  there  are  also  results  indicating  that  it  is  not  always 
appropriate.  This  is  because  there  exist  both  theoretical  and  empirical  bases 
for  arguing  chat  performance  is  sometimes  optimal  when  the  stimulus  appears  in 
the  visual  field  Ipailateral  to  Che  body  side  of  hand  origin.  The  simplest 
basis  for  suggesting  this  is  related  to  Che  concept  of  stimulus-response 
spatial  compatibility  (Fitts  &  Seeger,  1953;  Wallace,  1971).  A  variety  of 
studies  have  indicated  chat  when  a  manual  response  is  laterally  located,  right 
hand  responses  are  faster  for  right  visual  field  stimuli  and  left  hand 
responses  for  left  visual  field  stimuli.  Such  effects  have  most  frequently 
been  studied  in  simple  Casks  (e.g.,  stimulus  detection,  simple  or  choice 
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stimulus  recognition),  and  occur  In  auditory,  visual,  and  sensory  modalities 
(Simon,  Sly,  &  Vllapakkam,  1981).  It  has  been  argued  that  there  is  an 
advantage  for  conditions  in  which  stimulus  and  response  are  Ipsllateral 
because  there  Is  a  greater  compatibility  In  their  Internal  codes  due  to 
spatial  similarity. 

Such  effects  are  potentially  problematic  for  visual  studies  of  the  brain 
hemispheres  Involving  laterally-appearlng  stimuli.  Because  the  lateral 
spatial  location  of  the  hand  (rather  than  hand  Identity)  has  been  Identified 
as  a  critical  factor  determining  stimulus-response  compatibility  effects,  It 
has  been  recommended  that  manual  responses  be  centrally  located  In  studies  of 
brain  hemisphere  capabilities  (Young,  1982).  This  was  the  approach  used  In 
the  present  research. 

A  second  basis  for  qualifying  the  principle  of  contralateral  organization 
of  stimulus  and  response  are  certain  hemisphere-related  studies.  A  number  of 
researchers  have  found  that  reaction  time  is  faster  when  stimuli  are  projected 
to  the  hemisphere  controlling  the  response  (Berlucchl,  Heron,  Hyman, 
Rlzzolatl,  &  Umilta,  1971;  Bradshaw  &  Perrlment,  1970).  These  studies  have 
generally  Involved  tasks  with  relatively  simple  processing  demands  (e.g., 
stimulus  detection),  and  have  been  interpreted  as  demonstrating  the  advantage 
of  omitting  interheraispheric  transmission  time. 

An  advantage  for  performance  dependent  on  processing  activities  within 
the  same  hemisphere  would  also  be  predicted  In  terms  of  activation  effects 
(Klnsbourne,  1970).  Non-hemisphere-related  studies  have  reported  facllltatory 
"priming"  effects  of  earlier  semantic  processing  on  subsequent  semantic 
processing  (Posner,  1978).  These  effects  can  be  easily  interpreted  as 
reflecting  the  facllltatory  effects  of  activating  particular  brain  areas.  The 
effects  imply  that  activation  of  a  brain  area  (e.g.,  hemisphere)  by  one 
processing  activity  can  benefit  subsequent  activities  dependent  on  that  area. 

In  summary,  although  there  is  considerable  justification  for  considering 
effects  of  Intrahemlspherlc  Interference  In  designing  tasks,  there  is  a  need 
to  better  understand  the  conditions  In  which  such  effects  predominate  In 
determining  the  quality  of  performance.  The  present  research  was  designed  to 
address  that  need. 
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C.  latlonale  mad  Objectives  of  Theoretical  Approach 

The  major  focus  of  Investigaclon  was  how  the  level  of  task  processing 
demands,  particularly  In  terms  of  difficulty,  affected  the  occurrence  and 
magnitude  of  Intrahemlspherlc  Interference.  The  importance  of  this  factor  was 
originally  suggested  by  comparisons  of  studies  in  which  Intrahemlspherlc 
interference  did  or  did  not  appear.  In  general,  studies  demonstrating 
Intrahemlspherlc  Interference  Involve  relatively  more  demanding  stimulus 
and/or  response  processing  requirements.  For  example,  the  studies  by 
Berlucchl,  et  al.  (1971)  and  Bradshaw  and  Perrlment  (1970)  both  involve  simple 
stimulus  detection.  In  contrast,  the  studies  by  Green  (1984)  and  Gross  (1972) 
both  involve  classification  of  pairs  of  very  briefly  presented,  relatively 
more  complex,  stimuli.  Although  the  concept  and  determinants  of  processing 
demand/load  are  complex  and  as  yet,  111-deflned  (see  Moray,  1979;  Kahneman, 
1973),  comparisons  such  as  these  suggest  that  variations  in  processing  demands 
may  be  Important  In  determining  when  intrahemlspherlc  Interference  occurs. 

The  specific  objectives  of  the  present  research  were  therefore  as 
follows : 

a.  To  examine  how  variations  In  the  level  of  processing  demands  affected 
the  level  of  Intrahemlspherlc  interference. 

b.  To  examine  the  generality  of  the  effects  of  intrahemlspherlc 
Interference  across  Casks. 

The  rese  trch  has  focused  primarily  on  effects  of  variations  In  stimulus 
processing  demands  and  response  processing  demands.  More  Indirect  evidence 
has  also  allowed  some  Inferences  concerning  Che  effects  of  central  processing 
demands.  During  Che  course  of  Che  research,  the  Importance  of  Individual 
differences  became  apparent.  This  factor  was  therefore  given  some  attention 
In  the  analysis  of  the  more  recent  studies. 

D«  Methodological  Approach 

The  program  has  Involved  a  series  of  experiments  systematically  varying 
stimulus  processing  and  response  processing  requirements.  A  major  rationale 
guiding  the  choice  and  sequence  of  the  experiments  is  Che  necessity  at  this 
stage  in  the  research  for  very  careful  and  systematic  manipulation  of  the 
potentially  Important  variables.  For  the  most  part,  each  experiment  Is  dis¬ 
tinctly  different  from  Its  predecessor  on  only  one  parameter.  This  produces  a 
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relatively  conservative  sequence  of  experiments.  This  conservatism  Is, 
however,  well  justified  In  view  of  the  present  confusion  found  In  literature 
reporting  reaction  time  studies  of  hemispheric  processing  In  normal 
individuals.  Large  discrepancies  exist  between  the  outcomes  of  apparently 
similar  experiments.  Much  of  this  confusion  can  be  largely  attributed  to 
small,  unnoticed,  but  probably  significant  differences  between  apparently 
similar  experiments. 

The  research  program  was  designed  to  avoid  this  problem  by  Including  a 
sequence  of  experiments  having  the  same  basic  design,  trLth  each  differing  In  a 
critical,  hypothetically  Important  feature.  This  careful  control  of  variables 
results  in  conservative  research,  but  minimizes  the  possibility  of  confounding 
by  variables  not  recognized  as  Important.  The  features  which  are  varied  are 
those  which  the  earlier  discussion  Identified  as  being  potentially  critical 
for  the  occurrence  of  Intrahemlspheric  interference. 

Each  experiment  was  characterized  by  brief  presentation  of  stimuli  In  the 
left  and  right  visual  fields,  thus  Initially  projecting  Information  to  the 
right  or  left  hemisphere,  respectively.  Each  test  session  required  keypress 
responses  by  the  fingers  of  one  hand,  allowing  Inference  that  the  hemisphere 
contralateral  to  the  hand  directed  response  movement.  In  the  majority  of 
studies,  the  occurrence  of  intrahemlspheric  Interference  was  inferred  when 
there  was  a  responding  hand  by  visual  field  Interaction  such  that  performance 
(measured  primarily  in  terms  of  reaction  time)  was  worse  when  the  stimulus  was 
projected  to  the  hemisphere  controlling  the  response,  that  is,  when  there  was 
a  disadvantage  for  stimuli  Ipsllateral  to  the  responding  hand.^ 


^  It  is  important  to  note  that  the  existence  of  a  significant  Interaction  of 
the  type  described  Is  probably  best  Interpreted  as  evidence  of  interference 
differentially  affecting  the  two  hemispheres,  that  Is,  affecting  one  hemi¬ 
sphere  more  than  the  other  in  a  given  set  of  conditions.  The  absence  of  such 
an  interaction  may  mean  that  intrahemlspheric  interference  is  eliminated  but 
it  could  also  mean  that  the  two  hemispheres  are  being  equally  affected.  The 
present  approach  can  indicate  when  differential  interference  is  eliminated  but 
not  when  all  interference  is  eliminated. 
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The  general  approach  to  data  analysis  %«s  to  perform  an  overall  analysis 
of  variance,  with  particular  Interest  In  the  significance  of  the  responding 
hand  by  visual  field  Interaction.  For  purpose  of  finer  analysis,  t-tests  were 
done  on  what  will  be  called  "Interaction  scores,"  computed  for  specific 
stimulus  types,  e.g.,  for  match  pairs  in  the  letter-matching  tasks.  The 
Interaction  score  Is  computed  as  shown  In  Table  1.  In  general,  the  more 
positive  the  Interaction  score,  the  greater  is  the  level  of  Intrahemlspheric 
Interference  that  Is  Inferred. 

B«  Practical  Importance  of  the  Besearch 

This  research  has  focused  on  Investigation  of  some  of  the  basic 
parameters  and  processes  affecting  differential  Information  processing  by  the 
two  cerebral  hemispheres.  As  is  clear  from  the  completed  research  and  from 
review  of  existing  literature,  understanding  of  hemispheric  functioning  is 
becoming  more  complete.  There  Is,  however,  need  for  continued  basic  and 
applied  research  to  clarify  the  Implications  for  addressing  real-life 
problems . 

It  Is,  however,  possible  at  this  time  to  Identify  a  variety  of  conditions 
In  which  better  knowledge  of  hemispheric  functioning  might  facilitate  human 
performance.  Differential  capabilities  of  the  hemispheres  are  of  special 
relevance  to  tasks  In  which  one  hemisphere  either  initially  receives  critical 
stimulus  Information  and/or  controls  response.  Such  tasks  Include  those  in 
which  performance  must  be  based  on  detection  or  recognition  of  visual  informa¬ 
tion  appearing  lateral  to  the  point  of  visual  fixation.  In  such  conditions 
the  lateral  stimulus  Initially  projects  to  the  contralateral  hemisphere. 
Tasks  In  which  response  is  made  by  one  limb  (e.g.,  the  right  hand)  are  also 
affected  by  the  capabilities  of  the  contralateral,  controlling  hemisphere  to 
direct  the  response. 

One  example  of  a  situation  In  «fhlch  differential  hemispheric  capabilities 
and  the  effects  of  Intrahemlspheric  Interference  are  relevant  Is  the 
performance  required  of  an  Army  pilot  controlling  an  aircraft,  such  as  a  plane 
or  helicopter.  Such  a  pilot  can  base  performance  on  a  wide  array  of  visual 
information  Including  that  viewed  external  to  the  cockpit  and  that  appearing 
on  displays  within  the  cockpit.  Cockpit  displays  include  aircraft  attitude 
Indicators  (e.g.,  pitch,  roll),  the  gunslght  display,  system  warning  lights. 
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TABLE  1 


Computation  of  Interaction  Score. 


Visual  Field 
Responding  Hand  ^ 

Left 
Right 

Interaction  Score  ■  (a  -  b)  +  (c  -  d) ,  where  a,  b,  c,  d  are  reaction  time. 


Left  Right 

a  b 

d  c 
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and  radar  warning-receiver  displays.  Since  In  normal  conditions  of  flight  the 
pilot  trys  to  monitor  simultaneously  as  many  of  these  displays  as  Is  possible, 
the  best  viewing  strategy  Is  to  look  mainly  straight  ahead,  allowing  periph¬ 
eral  vision  to  catch  Information  from  displays  to  the  left  or  right.  In  fact, 
many  of  the  laterally  placed  displays  are  designed  so  that  the  appearance  of 
highly  significant  Information  on  them  provides  cues  (such  as  brightness  or 
color  changes)  that  are  relatively  perceptible  In  peripheral  vision.  The 
"straight-ahead"  viewing  strategy  means  that  Information  appearing  In  lateral 
displays  Is  initially  received  by  either  the  left  or  right  cerebral  hemi¬ 
sphere. 

In  addition  to  monitoring  a  large  amount  of  visual  Information,  the  pilot 
must  translate  what  Is  perceived  into  appropriate  responses  for  controlling  or 
defending  the  aircraft.  These  include  manipulation  of  the  control  stick  to 
vary  roll  and  pitch,  manipulation  of  the  throttle  to  control  speed,  and  a 
variety  of  button-pressing  responses  required  to  trim  aircraft  attitude, 
control  Information  presentation  on  the  radar  warning-receiver  display, 
release  weapons,  and  perform  other  critical  functions.  Whenever  these 
responses  involve  fine  finger  movements,  or  possibly  fine  manual  control  of 
any  type,  the  hemisphere  contralateral  to  the  responding  limb  Initiates  the 
response. 

Even  in  non-battle  flight,  the  wide  array  of  visual  information  and 
possible  responses  creates  conditions  of  Information  overload  in  which  the 
pilot  may  miss  critical  Information.  In  battle  conditions,  efficient 
performance  becomes  even  more  Important,  even  as  the  amount  of  critical 
Information  and  stress  on  the  Individual  Increase. 

Rapid  correct  response  to  visual  Information  Is  equally  Important  In  the 
behavior  of  radar  operators,  who  deal  with  an  equally  challenging,  but  dif¬ 
ferent  Information  processing  task.  Radar  operators  must  view  visual  displays 
over  long  periods  of  time  to  detect  critical  signals  which  sometimes  appear  In 
a  background  of  other  non-crltical  signals.  The  critical  signals  may  be 
difficult  to  detect  or  may  be  different  from  Che  noise  signals  only  in  subtle 
features.  Since  the  entire  display  cannot  be  viewed  foveally,  many  of  the 
signals  are  Initially  received  by  only  one  of  the  cerebral  hemispheres,  making 
hemispheric  processing  efficiency  of  critical  Importance  for  signal  recog¬ 
nition. 
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In  the  tasks  performed  by  pilots  or  by  radar  operators,  the  design  of  the 
visual  displays  and  of  the  required  response  modes  to  facilitate  rapid  infor¬ 
mation  processing  becomes  extremely  critical.  The  greater  the  importance  of 
rapid,  efficient,  information  processing,  the  more  significant  are  design 
features  which  have  even  small  benefits  for  performance. 

Basic  research  such  as  that  performed  in  the  completed  program  has 
potential  for  contributing  to  more  effective  task  design.  The  research  alms 
at  Identifying  some  of  the  conditions  and  variables  associated  with  intra- 
hemlspheric  interference  between  processing  activities  originating  within  the 
same  hemisphere.  Identification  of  the  variables  controlling  intrahemispheric 
Interference  and  of  the  range  of  conditions  in  which  it  occurs  will  suggest 
the  extent  to  which  such  interference  may  be  slowing  performance  of  visual 
tasks  performed  by  Army  personnel.  Identification  of  the  conditions  in  which 
a  significant  amount  of  intrahemispheric  Interference  occurs  will  allow  task 
design  to  account  for  these  effects.  For  example,  for  tasks  in  which 
significant  intrahemispheric  Interference  occurs,  the  visual  information 
displays  could  be  designed  so  that  stimuli  initially  project  to  the  hemisphere 
not  controlling  the  response.  If  a  modification  of  display  design  were  not 
possible,  an  alternative  would  be  to  change  the  response  so  that  it  was 
controlled  by  the  hemisphere  not  receiving  the  stimuli. 
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SECTION  III 

SIMMAKT  OF  EXPE&IMEKTS  1  THEOOGH  12 


A»  Introduction 

The  purposes,  methods,  results,  and  discussion  of  Experiments  1  through 
12  have  been  described  in  detail  in  two  Interim  reports  dated  April,  1983  and 
January,  1984.  The  purpose  of  the  present  section  is  to  review  briefly  these 
experiments  in  order  to  provide  context  for  the  subsequent  experiments  de¬ 
tailed  in  following  sections  of  this  report. 

Table  2  summarizes  the  conditions  and  purpose  of  each  experiment.  For 
purpose  of  later  discussion,  it  is  Important  to  note  that  what  will  be  called 
Response  Assignment  1  was  used  in  all  of  the  two-choice  stimulus  matching 
experiments  with  the  exception  of  Experiment  12.  Response  Assignment  1 
requires  subjects  to  use  the  index  finger  to  indicate  match  and  the  middle 
finger  to  indicate  mismatch.  In  Experiments  1  through  12  the  response  was 
also  made  with  the  responding  hand  in  a  central  location,  with  the  fingers 
perpendicular  to  the  stimulus  display. 

Figure  2  is  a  diagramatic  Illustration  of  the  most  crucial  results  for 
the  present  purposes,  namely  the  responding  hand  by  visual  field  interaction 
that  is  used  to  evidence  intrahemispheric  interference  when  present  in 
Experiments  1  through  11.  The  nature  of  this  interaction  is  such  chat 
response  is  slower  for  stimuli  appearing  in  the  visual  field  contralateral 
(rather  than  ipsllateral)  to  the  responding  hand.  In  other  words,  response  is 
slower  when  stimuli  project  to  the  hemisphere  controlling  the  finger  keypress 
response.  It  was  hypothesized  chat  interference  might  occur  as  a  function  of 
degree  of  processing  demand.  Experiments  1  through  11  were  Initial  attempts 
to  investigate  this  hypothesis. 

B.  Research  Findings 

Experiments  1  through  3  were  initial  experiments  examining  factors 
determining  intrahemispheric  Interference.  The  experiments  involved  match- 
mismatch  judgments  of  pairs  of  upper  case  letters. 
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Slunary  of  Conditions  of  Bzperlaents  1  through  12. 
Critical  varlahlea  In  each  experiaent  are  underlined 
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presented  letter  shapes;  choice  magnitude  Increase  when 

stimulus  visual  angle  stimulus  processing 

varied  demands  are  Increased? 


REACTION  TIME  (msec) 


Figure  2.  Data  Pattern  Consistent  With  Intrahemispheric  Interference. 
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Experiment  1  replicated  the  result  of  Green  (1977),  tdilch  has  been  used 
as  primary  evidence  of  Intrahemlspheric  Interference.  This  result  Is  a 
responding  hand  by  visual  field  Interaction  such  that  response  Is  slower  for 
stimuli  appearing  In  the  visual  field  contralateral  (rather  than  Ipsllateral) 
to  the  hand,  l.e.,  for  stimuli  projecting  to  the  hemisphere  controlling  the 
finger  keypress  response.  It  was  hypothesized  that  Interference  might  occur 
as  a  function  of  level  of  processing  demands.  Experiments  2  and  3  were 
Initial  attempts  to  manipulate  such  demands.  In  Experiment  2,  stimulus 

processing  demands  were  reduced  by  eliminating  the  stimulus  mask  that  had 

appeared  Immediately  following  each  stimulus  pair  in  Experiment  1.  It  was 
hypothesized  that  mask  elimination  would  allow  subjects  to  access  Information 
In  visual  sensory  store  (Sperling,  1960),  thus  facilitating  stimulus 
processing  and  perhaps  reducing  interference.  In  Experiment  3,  response 

processing  demands  were  reduced  by  requiring  subjects  to  use  a  go-no  go 

response  to  Indicate  their  decision,  rather  than  a  choice  response.  The  go-no 
go  response  is  less  complex  In  that  it  requires  a  given  subject  to  keypress 
only  In  response  to  one  of  the  two  stimulus  types,  thus  eliminating  the 
necessity  to  choose  between  keys. 

As  can  be  seen  In  Figure  3,  the  results  of  Experiments  1  and  2  were 
highly  similar  Indicating  that  reduction  of  stimulus  processing  demands,  as 
operationalized  by  mask  elimination,  did  not  reduce  intrahemlspheric 
Interference.  In  contrast,  evidence  of  Interference  was  clearly  eliminated  In 
Experiment  3,  Indicating  Chat  reduction  In  response  processing  demands  was  an 
Important  factor. 

Experiments  4  through  11  examined  the  reliability  of  the  stimulus  and 
response  processing  effects  across  tasks.  The  major  results  are  shown  in 
Figure  4.  The  conclusions  were  as  follows: 

1.  Intrahemlspheric  Interference  can  affect  a  variety  of  stimulus 
matching  tasks.  Including  chose  involving  letter-shape  matching  (e.g.. 
Experiment  1)  cartoon  face  matching  (e.g..  Experiment  4),  and  letter 
name  matching  (e.g..  Experiment  7). 

2.  In  all  of  the  above  Casks,  Interference  appears  reliably  when  the  more 
difficult,  choice  response  is  used,  but  Is  eliminated  when  Che  less 
difficult,  go-no  go  response  is  used  (e.g..  Experiments  3,  6,  and 
8).  This  suggests  that  intrahemlspheric  interference  is  sensitive  to 


22 


REACTION  TME  (mmc) 


REACTION  TIME  (msec) 


Left  Right 

VISUAL  FIELD 

Results  of  Experiment  8. 


Figure  A  (Continued).  Results  of  Experiments  4  through  11. 

Percentage  of  error  is  in  parenthesis 


VIMM,  nikQ 
Mciuiti  »f  t. 


riILD 

((••ult*  ot  Ciparimtnt  10. 


VIWAk  PWLO 


Mppwits  at  laparMiam  1 1 


Figure  4  (Concluded).  Results  of  Experiments  4  through  11. 

Percentage  of  error  is  in  parenthesis 


degree  of  response  processing  demands  and  Is  eliminated  when  response 
processing  demands  are  reduced. 

3.  Intrahemispheric  Interference  appears  to  be  relatively  Insensitive  to 

variations  in  stimulus  processing  demands,  particularly  changes 
affecting  early  perceptual  processing.  In  Norman  and  Bt brow's  (1975) 
terms.  Interference  magnitude  appears  relatively  insensitive  to  "data- 
limiting"  factors.  In  conditions  in  which  it  appeared,  the 

interference  magnitude  did  not  vary  when  stimulus  processing  demands 
were  reduced  by  elimination  of  the  stimulus  mask  (Experiment  2)  or  by 
sequentially,  rather  than  simultaneously,  presenting  stimuli  to  be 
matched  (Experiment  5).  When  stimulus  processing  demands  were 
Increased  by  increasing  the  stimulus  visual  angle  (Experiment  10)  or 
by  decreasing  stimulus  duration  (Experiment  11),  the  int«:i.'ference 
magnitude  was  also  unaffected. 

4.  There  is  a  variety  of  indirect  evidence  that  changes  in  more  central 
processing  demands,  including  chose  related  Co  stimulus  processing, 
influence  whether  evidence  of  intrahemispheric  interference  appears. 
Experiment  9  Indicated  that  evidence  of  Interference  is  eliminated  in 
a  cask  involving  recognition  of  single  stimulus  letters,  rather  chan 
matching  of  stimulus  pairs,  even  when  a  choice  response  is  used.  It 
was  hypothesized  Chat  differences  in  the  central  processing  demands  of 
the  two  tasks  might  account  for  the  differences,  with  the  letter 
recognition  task  involving  more  simple  processing. 

Another  effect  which  was  Initially  interpreted  in  terms  of  differences  in 
central  processing  demands  was  the  tendency  for  Interference  to  be  more 
reliably  associated  with  mismatch  rather  Chan  match  responses.  It  was 

suggested  that  this  indicated  that  interference  was  related  Co  degree  of 
processing  demands  in  that  mismatch  decisions  have  been  Interpreted  as  being 
more  complex  chan  match  decisions  (Bamber,  1969;  Krueger,  1978).  However, 
this  interpretation  is  strongly  questioned  by  the  results  of  Experiment  12. 
Experiment  12  required  subjects  to  use  what  will  be  called  Response  Assignment 
2,  indicating  match  on  the  middle  finger  and  mismatch  on  the  index  finger.  In 

this  experiment,  evidence  of  interference  appeared  for  matches,  but  not  for 

mismatches.  Subsequent  experiments  have  also  indicated  that  response 

assignment  is  a  critical  factor.  Since  examination  cf  these  effects  has  been 
the  focus  of  recent  work,  further  details  will  be  discussed  in  Section  IV. 
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SECTION  IV 

DESCRIPTION  OF  EXPERIMENTS  13  THROUGH  17 


A.  Introduction 

This  section  provides  details  of  Experiments  13  through  17,  which  were 
conducted  since  the  publication  of  the  Second  Interim  Report  in  January,  198A. 
The  research  took  a  somewhat  anticipated  turn  because  of  the  discovery  that  a 
simple  change  in  response  assignment,  within  two-choice  response  conditions, 
had  major  effects  on  evidence  of  Intraheml spheric  Interference.  It  therefore 
became  necessary  to  perform  several  experiments  investigating  the  nature  of 
the  response  assignment  effect.  In  addition.  Experiment  17  investigated 
whether  intrahemispheric  Interference  affected  performance  of  a  task  at  which 
the  left  hemisphere  is  reliably  superior,  among  right-handed  subjects. 

Since  Experiments  13  through  17  were  similar  in  many  respects,  their 
common  methodology  is  first  described.  Then,  the  purpose,  specific  pro¬ 
cedures,  and  results  for  each  experiment  are  presented.  For  purposes  of  com¬ 
pleteness  the  presentation  of  results  is  fairly  detailed.  The  discussion  of 
each  experiment  focuses  on  results  of  major  interest  to  the  present  research. 

B.  Methodology  Common  to  Experiments  13  Through  1 7 

1.  Subjects 

Subjects  were  experimentally  naive,  right-handed  Georgia  Tech  male  under¬ 
graduates.  Only  right-handed  male  subjects  were  tested  because  such  a  popula¬ 
tion  has  less  heterogeneous  brain  organization  (Bryden,  1982),  a  factor  which 
could  confound  the  effects  of  interest  or  add  variability  to  the  data.  Only 
individuals  with  right-handed  parents  were  tested.  Handedness  was  also 
assessed  through  use  of  a  modified  Edinburgh  Handedness  Inventory  (Oldfield, 
1971)  presented  in  Appendix  A. 

Both  foveal  and  peripheral  acuity  were  assessed  to  Insure  that  subjects 
had  at  least  20/40  vision  at  a  distance  of  twenty  feet  and  accurate  peripheral 
acuity  to  at  least  five  degrees,  either  corrected  or  uncorrected.  Eye  dom¬ 
inance  was  also  measured,  although  the  relationship  between  this  factor  and 
brain  organization  is  unclear  (Bryden,  1982). 
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Table  3  Indicates  the  age,  handedness  scores,  and  eye  dominance  for  sub¬ 
jects  tested  in  Experiments  13  through  17.  There  are  no  pronounced  differ¬ 
ences  between  samples,  with  the  exception  that  there  was  a  greater  percentage 
of  right  eye  dominant  subjects  in  Experiment  17. 

Subjects  were  paid  $15.00  for  their  participation. 

2.  Apparatus 

An  IBM  Personal  Computer  with  a  Tecmar  Graphics  Board  was  used  to  present 
stimuli  on  a  Quadchrome  Color  Monitor.  The  computer  ali<o  controlled  all 
interval  timing,  and  recorded  reaction  time  in  msec.  The  color  monitor  was 
set  to  display  white  stimuli  on  a  dark  gray  background.  The  graphics- 
controlling  software  was  specifically  designed  to  minimize  and  control  time 
variations  due  to  the  16.67  msec  refresh  time  of  the  color  monitor's  cathode 
ray  tube. 

The  subject  sat  at  a  table  before  the  display  and  placed  his  head  in  a 
headrest  which  positioned  his  eyes  50.0  cm  away  from  the  center  of  the 
display.  The  subject  responded  by  using  two  4.9  x  2.0  cm  microswitch  keys 
mounted  on  a  keyboard  sitting  on  the  table.  The  testing  room  was  dimly  lit. 

3.  Stimuli 

The  stimuli  described  below  were  used  in  Experiments  13  through  16. 
Those  used  in  Experiment  17  will  be  described  in  the  discussion  of  that 
experiment.  The  stimuli  consisted  of  pairs  of  computer-generated  upper  case 
letters  selected  from  the  set  X,  M,  T,  and  H.  Each  letter  measured  1.2  x  l.O 
cm  and  subtended  0.9  degrees  of  horizontal  visual  angle.  Each  stimulus  pair 
was  vertically  arranged  with  a  separation  of  1.6  cm  between  the  bottom  of  the 
upper  letter  and  the  top  of  the  lower  letter.  The  letters  were  positioned 
such  that  the  inner  edges  of  letters  presented  in  the  right  or  left  visual 
field  occurred  at  3.2  degrees  of  visual  angle.  All  pairs  were  centered  around 
the  horizontal  axis  of  the  fixation  point. 
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TABLE  3 


Subjects  in  Experiments  13  Through  17. 


Experiment 

Number 

Handedness  Score 

Age 

(Years) 

Eye  Dominance 

Freque 

Mean 

S.D.^ 

Mean 

S.D.  ^ 

Right 

Left 

None 

13 

24 

51.0 

3.9 

20.0 

1.8 

12 

1 

11 

14 

24 

51.1 

3.8 

19.7 

1.6 

11 

5 

8 

15 

24 

51.9 

4.4 

20.8 

2.3 

10 

6 

8 

16 

24 

49.6 

4.1 

19.0 

1.4 

12 

4 

8 

17 

32 

51.2 

3.6 

19.7 

1.3 

24 

8 

0 

^  S.D.  Standard  deviation 
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C»  B»perl»fent  13A 

1,  Introduction 

Experiment  13A  WaS  the  Initial  study  making  use  of  the  IBM  Personal  Com¬ 
puter-based  experimental  system.  Experiments  1  thorugh  12  have  been  conducted 
using  a  Perkln-Elmer  Interdata  8/32  computer  and  a  Conrac  Color  monitor.  To 
Insure  the  operational  Identity  of  the  new  system  with  that  used  previously. 
It  was  advisable  to  repeat  certain  test  conditions  on  the  new  system  and  com¬ 
pare  obtained  data  with  those  gathered  previously.  Experiment  13A  was 
designed  to  accomplish  this  purpose  by  repeating  the  procedures  used  In 
Experiment  1  (see  First  Interim  Report,  April,  1983)  to  see  If  the  results 
replicated. 

2.  Method 

Experimental  Design.  Subjects  were  tested  In  two  test  sessions,  each 
lasting  approximately  one  hour  and  occurring  on  successive  days.  Subjects 
used  the  right  hand  In  one  session  and  the  left  hand  In  the  other  session, 
with  hand  order  counterbalanced  over  subjects.  In  each  test  session  subjects 
were  exposed  to  six  blocks  of  test  trials,  each  block  consisting  of  60  test 
trials. 

Within  each  block,  half  of  the  letter  pairs  were  "match”  pairs  (letters 
identical)  and  half  were  "mismatch"  pairs  (letters  not  identical).  Each 
stimulus  type  appeared  with  equal  frequency  in  the  left,  right  or  central 
visual  field.  Stimulus  type  and  stimulus  visual  field  were  randomly  ordered 
within  a  block. 

Procedure.  Each  test  session  consisted  of  6  blocks  of  60  trials.  The 
first  block  was  a  practice  block.  Each  block  began  with  the  appearance  of  the 
word  "READY"  in  the  center  of  the  screen.  Each  trial  proceeded  as  follows.  A 
small  fixation  plus  appeared  In  the  center  of  the  screen.  The  subject  was 
Instructed  to  carefully  fixate  on  the  plus,  and  when  fixated  to  press  both 
response  keys  to  Initiate  the  trial.  The  requirement  to  press  both  keys  was 
designed  to  eliminate  biases  toward  responding  to  a  particular  key.  The 
fixation  point  remained  on,  but  500  msec  later  a  stimulus  pair  appeared  for 
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130  osec  In  Che  left,  right,  or  center  visual  field.  The  stimulus  pair  was 
followed  by  a  125  msec  mask.  The  mask  of  each  letter  was  formed  by  simultan¬ 
eously  plotting  the  four  letters,  one  over  the  other.  The  lines  in  the  mask 
thus  overlapped  all  the  possible  line  features  composing  the  letters.  The 
fixation  plus  disappeared  with  the  offset  of  the  mask. 

The  subject's  task  was  to  Judge  whether  the  stimulus  pair  was  a  match  or 
a  mismatch,  and  to  indicate  a  match  by  a  keypress  of  the  index  finger,  and  a 
mismatch  by  a  keypress  of  the  middle  finger.  The  keyboard  was  positioned 
below  the  center  of  the  display,  directly  below  the  fixation  plus,  with  one 
key  to  each  side  of  the  plus.  Fallowing  the  response,  performance  feedback 
appeared  for  one  second  in  the  center  of  the  screen  above  the  former  location 
of  the  fixation  point.  For  correct  responses,  the  subject's  reaction  time 
appeared.  If  the  response  had  been  Incorrect,  the  word  “ERROR"  appeared.  The 
plus  then  reappeared  signalling  the  beginning  of  a  new  trial. 

Subjects  were  encouraged  to  compare  the  letter  shapes,  and  to  avoid 
naming  them.  The  importance  of  fixating  centrally  at  all  times,  except  when 
looking  at  performance  feedback,  was  emphasized.  Subjects  were  told  to 
respond  quickly,  but  to  try  to  make  fewer  than  six  errors  per  trial  block.  At 
the  end  of  each  block  they  were  given  feedback  on  their  reaction  time  and 
error  rate  for  that  block,  and  were  encouraged  to  slow  down  or  speed  up 
depending  on  their  error  rate. 

3.  Results 

For  each  subject,  the  median  reaction  time  and  average  percentage  of 
error  were  computed  for  each  stimulus  type  by  visual  field  by  responding  hand 
condition,  collapsing  over  trial  blocks  and  eliminating  the  first  practice 
block.  The  means  of  the  subject  data  are  shown  in  Figure  5.  Individual 
subject  data  is  in  Appendix  B. 

An  analysis  of  variance  (ANOVA)  was  done  on  reaction  time,  using  stimulus 
type,  visual  field,  responding  hand,  and  hand  order  as  variables.  Since 
primary  Interest  was  in  differences  between  left  and  right  visual  field 
conditions,  central  visual  field  trials  were  Included  in  one  ANOVA  and 
excluded  from  the  second. 
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REACTION  TIME  (msec) 


Figure  5.  Major  Results  of  Experiment  13A. 

Percentage  of  error  is  in  parenthesis. 
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The  results  from  the  two  ANOVAs  were  highly  consistent.  The  results  from 
the  ANOVA  excluding  central  visual  field  data  are  discussed  below. 

Right  hand  performance  (471  msec)  was  faster  than  left  hand  performance 
(500  msec,  F(l,10)  ■  11.18,  p  <  0.01).  This  trend  had  been  apparent  in  previ¬ 
ous  experiments,  although  It  had  not  reached  significance. 

As  In  previous  studies,  match  responses  (476  msec)  were  faster  than 
mismatch  responses  (495  msec,  F(l,10)  ■  6.26,  p  <  0.03).  There  was  a  signi¬ 
ficant  hand  by  hand  order  Interaction  (F(l,10)  ■  24.00,  p  <  0.01)  shown  in 
Table  4.  The  interaction  Indicates  that  the  faster  of  the  two  hands  was  the 
one  used  during  the  second  session,  reflecting  practice  effects. 

Of  major  Interest  were  the  presence  of  a  significant  responding  hand  by 
visual  field  Interaction  (F(l,10  *  5.11,  p  <  0.05),  and  of  a  significant 
responding  hand  by  visual  field  by  stimulus  type  Interaction  (F(l,10)  ■  6.19, 
p  <  0.05).  As  can  be  seen  in  Figure  5,  for  mismatch  responses,  reaction  time 
was  faster  for  the  visual  field  contralateral  to  the  responding  hand.  This 
effect  was  not  seen  for  match  responses.  T-tests  of  the  Interaction  scores 
(see  Table  1  for  interaction  score  computation)  indicated  that  the  responding 
hand  by  visual  field  interaction  was  significant  for  mismatches  (t(ll)  ■  2.78, 
p  <  0.01)  but  not  for  matches. 

An  ANOVA  was  also  done  on  an  arcsine  transformation  of  the  percentage  of 
error,  excluding  center  visual  field  data.  The  only  significant  effect  was 
the  hand  order  by  stimulus  type  interaction  (F(l,10)  ■  6.02,  p  <  0.05).  For 
the  left  to  right  hand  order,  the  error  rate  was  seven  percent  and  did  not 
vary  with  stimulus  type.  For  the  right  to  left  order,  more  errors  were  made 
on  match  trials  (twelve  percent)  than  on  mismatch  trials  (six  percent). 

Interestingly ,  however,  examination  of  the  reaction  time  data  indicates 
that  the  advantage  of  match  over  mismatch  pairs  was,  in  fact,  greater  in  the 
left  to  right  hand  order  (26  msec)  than  in  the  opposite  hand  order  (11 
msec).  This  indicates  that  the  overall  reaction  time  advantage  for  match 
responses  was  not  due  to  a  speed-accuracy  tradeoff.  The  error  data  provided 
no  evidence  that  speed-accuracy  tradeoffs  might  be  responsible  for  any  of  the 
reaction  time  effects  described  earlier. 
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TABLE  4 


Hand  Order 

Hand  4’ 

Left 

Right 


Experiment  13A:  Hand  by  Hand  Order  Interaction. 

Reaction  time  in  msec. 

Left  Hand  In  Session  1  Right  Hand  In  Session  I 


519 

481 

447 

495 

3f 
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Discussion 


Comparison  of  the  results  of  Experiment  13A  with  those  of  Experiment  1 
Indicates  that  the  most  important  effects  were  replicated.  For  purposes  of 
comparison,  the  results  of  Experiment  1  are  Indicated  In  Figure  6.  Both 
Experiments  1  and  13A  show  reliable  effects  of  stimulus  type,  with  matches 
being  faster  than  mismatches.  It  has  been  suggested  that  this  Is  because 
match  decision-making  Involves  less  complex  processing  (Bamber,  1969;  Krueger, 
1979). 

Both  experiments  also  provide  no  evidence  of  a  reliable  difference  as  a 
function  of  visual  field,  but  do  Indicate  a  reliable  Interaction  between 
visual  field  and  responding  hand.  Response  tends  to  be  slower  for  stimuli 
appearing  In  the  visual  field  Ipsllateral  to  the  responding  hand.  This  is 
evidence  of  Intrahemlspherlc  Interference  between  stimulus  and  response  pro¬ 
cessing  demands  associated  with  the  same  hemisphere. 

The  only  differences  between  the  results  of  the  two  experiments  are 
subtle  ones.  In  Experiment  1,  the  stimulus  type  by  responding  hand  by  visual 
field  interaction  was  not  significant,  as  it  was  In  Experiment  13A.  However, 
t-tests  of  the  Interaction  scores  of  Experiment  1  Indicate  a  similar  trend. 
In  Experiment  1,  the  Interaction  Is  highly  significant  for  mismatches  (t(9)  ° 
3.3,  p  <  0.01)  but  only  approaches  significance  for  matches  (t(9)  ■  1.60,  0.10 
<  p  >  0.05).  Thus,  the  results  of  Experiment  1  tend  to  be  consistent  with 
those  of  Experiment  13A,  in  suggesting  that  intrahemlspherlc  Interference  more 
reliably  effects  mismatch  decisions.  The  greater  complexity  of  determining 
mismatch  decisions  may  make  them  more  vulnerable  to  interference  effects. 

In  Experiment  1  right  hand  responses  were  not  significantly  faster  than 

left  hand  responses,  as  occurred  In  Experiment  13A.  There  was,  however,  a 

trend  in  that  direction  (p  <  0.12)  In  Experiment  1.  Experiment  13A 

performance  tends.  In  general,  to  be  somewhat  faster,  but  also  less  accurate 

than  that  In  Experiment  1.  This  suggests  that  subjects  were  paying  more 

attention  to  speed,  and  less  attention  to  accuracy  In  Experiment  13A. 

However,  accuracy  averaged  below  the  ten  percent  error  rate  dictated  by 
0 

Instruction. 
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In  summary,  then.  Experiment  13A  replicates  the  major  results  of 
Experiment  1  and  suggests  that  the  new  experimental  set-up  Is  operationally 
equivalent  to  that  used  previously. 

D.  Kxperiment  13B 

1.  Introduction 

The  purpose  of  Experiment  13B  was  to  examine  the  reliability  of  the 
results  of  Experiment  12,  performed  on  the  previous  testing  system.  The 
purpose  of  Experiment  12  had  been  to  examine  the  Importance  of  the  nature  of 
the  response  assignment  and  of  the  Identity  of  the  responding  finger  In 

determining  Intraheml spheric  Interference.  Experiments  1  through  11  used  what 
will  be  called  Response  Assignment  1  (RAl),  assigning  match  decisions  to  the 
Index  finger  response  and  mismatch  decisions  to  the  middle  finger.  In 
general,  the  middle  finger  mismatch  responses  provided  more  reliable  effects 
of  Intrahemlspherlc  Interference. 

In  Experiment  12,  subjects  were  Instructed  to  use  Response  Assignment  2 
(RA2),  which  reversed  the  assignments  of  RAl.  The  results  indicated  that 
while  evidence  of  Interference  persisted  for  the  middle  finger  responses  (this 
time  match),  chat  evidence  was  absent  for  the  Index  finger  (mismatch) 

responses.  This  result  Implies  that  It  is  Che  finger  identity  (middle  or 

Index),  and  not  Che  decision  Identity  (match  or  mismatch)  that  Is  determining 
whether  there  Is  evidence  of  intraheml spheric  Interference. 

This  Is  very  difficult  to  explain,  particularly  given  the  apparent 

equality  of  Index  and  middle  finger  response.  In  terms  of  skill  or  speed 
(Annett  &  Annett,  1979).  It  was  decided  to  determine  the  reliability  of  the 
result  before  further  investigating  It. 


2.  Method 

Experimental  Design.  The  design  was  Identical  to  that  of  Experiment  13A. 

Procedure.  The  procedure  was  Identical  to  that  of  Experiment  13A,  with 
Che  following  exception.  Subjects  were  instructed  Co  use  Response  Assignment 
2  (RA2),  Indicating  a  match  response  by  a  keypress  of  Che  middle  finger  and  a 
mismatch  response  by  a  keypress  of  the  Index  finger. 
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Results 


For  each  subject,  the  nedlan  reaction  time  and  average  percent  error  were 
computed  for  each  stimulus  type  by  visual  field  by  responding  hand  condition, 
collapsing  over  trial  blocks  and  eliminating  the  first  practice  block.  These 
data  are  shown  in  Figure  7.  Individual  subject  medians  are  presented  in 
Appendix  C. 

The  subject  means  were  Included  in  two  AMOVAS,  one  Including  all  con¬ 
ditions  and  the  second  excluding  center  visual  field  data,  since  major  inte¬ 
rest  is  in  left-right  visual  field  differences.  The  significant  effects  and 
Interactions  were  identical  for  the  tvro  analyses.  The  AMOVA  excluding  center 
visual  field  data  is  discussed  below. 

As  in  Experiment  13A,  match  responses  (534  msec)  were  faster  than 
mismatch  responses  (566  msec,  F  (1,10  «  7.93,  p  <  0.05).  There  was  a 
significant  responding  hand  by  hand  order  interaction  (F  (1,10)  ■  9.92,  p  < 
0*03)  shown  in  Table  5.  As  in  Experiment  13A,  the  hand  used  during  the  second 
session  was  faster  than  that  used  during  the  first,  reflecting  practice 
effects.  There  was  also  a  significant  interaction  between  responding  hand 
order  and  visual  field  (F  (1,10)  ■  6.14,  p  <  0.05),  shown  in  Table  6.  When 
the  left  hand  order  was  used  first,  there  tended  overall  to  be  a  left  visual 
field  advantage.  Examination  of  the  data  indicates  that,  although  significant 
for  the  data  collapsed  over  the  left  and  right  hand  sessions,  the  effect  is 
largely  due  to  a  large  (50  msec)  left  visual  field  advantage  that  occurs  when 
the  left  hand  Is  used  in  the  first  session. 

Of  greater  Interest  was  a  significant  responding  hand  by  visual  field 
interaction  (F  (1,10)  *  10.15,  p  <  0.01).  There  tends  to  be  an  advantage  for 
the  visual  field  Ipsllateral  to  the  responding  hand.  As  Figure  7  indicates, 
this  interaction  is  somewhat  less  pronounced  for  matches,  especially  for  the 
right  hand.  T-tests  of  the  interaction  scores  indicate  that  the  Interaction 
is  significant  for  mismatches  (t(l,ll)  •  2.70,  p  <  0.05),  but  only  tended 
toward  significance  for  matches  (p  <  0.10). 

An  ANOVA  was  also  done  for  an  arcsine  transformation  of  the  percentage  of 
error,  excluding  center  visual  field  data.  There  were  no  significant  effects 
or  interactions. 


40 


REACTION  TIME  (msec) 


Figure  7.  Major  Results  of  Experiment  13B. 

Percentage  of  error  is  in  parenthesis. 


TABLE  5 


Experiment  13B;  Hand  by  Rand  Order  Interaction. 
Reaction  time  In  msec. 


Hand  Order  Left  Hand  in  Session  1  Right  Hand  in  Session  2 

Hand 

Left  617 

Right  516 


501 

566 


TABLE  6 

Experiment  13B:  Hand  Order  by  Visual  Field  Interaction. 
Reaction  time  in  msec. 


Hand  Order  +  Left  Hand  in  Session  1 

Visual  Field  + 

Uft  555 

Right  578 


Right  Hand  in  Session  2 


535 

532 
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Discussion 


Experla&rit  13B  vas  intended  to  examine  the  impact  of  response  assignment 
on  the  responding  hand  by  visual  field  interaction  that  has  been  used  as 

evidence  of  Intrahemlspheric  interference.  Experiment  13B  repeated  the  method 
of  Experiment  12.  For  purposes  of  comparison,  the  results  of  Experiment  12 
are  shown  in  Figure  8.  A  comparison  of  Figures  7  and  8  indicates  that  overall 

reaction  time  and  error  rate  are  similar  for  the  two  experiments.  For 

mismatch  responses,  the  responding  hand  by  visual  field  interactions  are 

similar,  suggesting  an  advantage  for  stimuli  in  the  visual  field  ipsllateral 
to  the  responding  hand. 

For  match  responses,  however,  the  interaction  patterns  are  not  similar, 
with  performance  favoring  stimuli  in  the  contralateral  visual  field  in 

Experiment  12  and  favoring  the  ipsllateral  visual  field  in  Experiment  13B. 
The  main  difference  is  in  left  hand  performance;  right  hand  match  performance 
is  similar  for  the  two  experiments.  The  reason  for  the  difference  in  left 

hand  performance  is  not  clear.  However,  the  results  of  the  two  experiments 
further  testify  to  the  fact  that  mismatch  responses  produce  more  reliable 

effects  than  do  match  responses. 

The  distinctiveness  of  match  versus  mismatch  responses  is  further 

evidenced  by  the  fact  that  even  when  response  assignment  is  reversed,  match 
responses  remain  significantly  faster  than  mismatch  responses.  The  stability 
of  these  effects  rules  out  the  possibility  that  faster  responding  by  the  index 
finger  could  account  for  the  reaction  time  advantage  of  match  responses  when 
RAl  was  used.  The  advantage  of  match  over  mismatch  reaction  time  lends 
support  to  the  idea  that  match  decision-making  is  less  complex. 

Since  evidence  of  intrahemlspheric  Interference  did  not  occur  in 
Experiment  13B  the  results  do  not  clarify  the  issue  of  whether  stimulus  type 
(match-mismatch)  or  responding  finger  (index-middle)  is  more  Important  in 
determining  Interference.  The  fact  that  interference  has  appeared  less 
reliably  in  both  of  the  experiments  involving  RA2  suggests  that  response 
assignment  may  be  a  critical  factor.  It  also  appears  that  mismatch  responses 
are  associated  with  more  reliable  response  assignment  effects,  these  being  an 
advantage  for  the  visual  field  contralateral  to  the  responding  hand  when  RAi 
is  used,  and  for  the  visual  field  ipsllateral  to  the  responding  hand  when  RA2 
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is  used.  Match  responses  are  not  associated  with  replicable  effects  for 
either  response  assignment. 

When  compared  with  the  results  of  Experiments  1  and  13A,  the  results  of 
Experiments  12  and  13B  suggest  that  RA2  is  more  difficult  than  RAl.  Although 
the  error  rate  is  comparable  in  the  two  pairs  of  experiments,  reaction  time  Is 
considerably  longer  in  Experiments  12  and  13B.  The  greater  difficulty  of  RA2 
could  explain  why  practice  effects  are  larger  in  these  experiments. 

The  difference  due  to  response  assignment  was  not  predicted,  but  the 
effects  are  quite  intriguing  and  have  some  Important  practical  implications. 
In  most  two-choice  unimanual  experiments  and  tasks,  little  attention  is  paid 
to  the  decision-finger  assignment.  The  present  results  imply  that  this 
assignment  can  significantly  affect  the  overall  speed  of  performance.  In  the 
present  case,  there  appears  to  be  an  advantage  when  the  faster  decision  (l.e., 
match)  is  assigned  to  the  index  finger  and  the  slower  decision  (i.e.,  mis¬ 
match)  is  assigned  to  the  middle  finger,  than  when  the  assignment  is  reversed. 
This  idea  will  receive  further  discussion. 

The  most  significant  result  of  Experiment  13B,  in  terms  of  clarifying 
factors  determining  intrahemlspheric  interference,  is  the  absence  of  the 
advantage  for  the  stimulus  contralateral  to  the  responding  hand,  and  the 
presence  Instead  of  an  Ipsllateral  advantage.  This  result  is  significant  in 
that  it  seems  to  force  qualification  of  the  hypothesis  that  the  presence 
and/or  magnitude  of  interference  is  directly  related  to  the  general  difficulty 
of  processing  demands.  This  hypothesis  is  brought  into  question  because, 
although  there  is  evidence  that  RA2  is  more  difficult  than  RAl,  effects 
associated  with  interference  are  largely  eliminated  when  RA2  is  used. 

The  question  of  what  is  causing  the  tendency  toward  an  ipsllateral  visual 
field  advantage  when  RA2  is  used  is  also  of  considerable  Interest.  Two 
possibilities  have  been  considered.  The  first  is  in  terms  of  facllitatory 
effects  between  processing  activities  associated  with  the  same  hemisphere. 
The  second  is  in  terms  of  responding  finger  or  hand-related  stimulus  response 
compatibility  effects.  Further  description  of  these  ideas  will  be  presented 
In  the  discussion  of  Experiment  15,  which  tests  related  hypotheses. 
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Introduction 


One  of  the  major  results  of  Experiments  1  through  8  was  that  evidence  of 
Intrahemispheric  Interference  was  eliminated  when  an  index  finger  go-no  go 
response  was  used,  rather  than  a  choice  response.  This  was  Interpreted  as 
indicating  that  Interference  magnitude  was  sensitive  to  response  processing 
demands,  being  eliminated  when  such  processing  demands  were  reduced  as  when 
the  simpler  go-no  go  response  was  used. 

The  results  of  Experiment  12  question  this  interpretation  because  they 
suggest  that  evidence  of  Interference  is  more  reliably  associated  with  middle, 
rather  than  index  finger  response,  regardless  of  response  identity  (match  or 
mismatch).  This  means  that  the  elimination  of  evidence  of  interference  in  the 
earlier  go-no  go  studies  might  be  due  to  use  of  the  index  finger  to  respond, 
rather  than  to  reduced  processing  demands.  Even  though  the  results  of  Experi¬ 
ment  12  were  not  entirely  replicated  in  Experiment  13B,  it  was  decided  to 
further  examine  the  Importance  of  the  responding  finger  identity  in  the  go-no 
go  conditions. 

In  Experiment  14,  subjects  performed  the  letter-matching  task  with  a  go- 
no  go  response.  The  responding  finger  was  systematically  varied  to  examine 
its  impact  on  the  appearance  of  intrahemispheric  interference. 

2.  Method 

Experimental  Design.  Subjects  were  randomly  assigned  to  one  of  four 
groups:  index  finger  "go"  response  for  match  pairs,  middle  finger  "go” 
response  for  match  pairs,  index  finger  "go”  response  for  mismatch  "pairs, 
middle  finger  "go"  response  for  mismatch  pairs.  Within  each  of  these  groups, 
half  of  the  subjects  used  their  left  hand  during  the  first  test  session  and 
half  used  the  right  hand.  The  variables  of  stimulus  type  and  visual  field 
were  manipulated  within  subjects  as  described  for  Experiment  13A. 

Procedure.  The  procedure  was  identical  to  that  used  in  Experiment  13A 
and  13B,  with  the  following  exception.  Each  subject  was  assigned  a  "go" 
response  (match  or  mismatch)  and  a  finger  to  be  used  in  making  that  response 
(index  or  middle).  Subjects  were  told  to  withhold  response  on  trials  on  which 
"no  go"  stimulus  pairs  appeared. 


3.  Results  and  Discussion 

For  each  subject  the  median  reaction  time  and  average  percentage  of  error 
were  computed  for  each  responding  hand  by  visual  field  condition,  collapsing 
over  trial  blocks  and  eliminating  the  first  practice  block.  These  data  are 
shown  in  Figure  9,  separated  by  finger  used  (index  or  middle)  and  go  response 
(match  or  mismatch).  Individual  subject  data  are  included  in  Appendix  D. 

The  median  reaction  times  were  subject  to  an  ANOVA,  with  hand  order,  go 
response,  and  finger  as  between-subjects  variables,  and  visual  field  and  hand 
as  within-subjects  variables.  One  ANOVA  was  done  including  center  visual 
field  trials.  Since  major  interest  is  In  left  versus  right  visual  field 
effects,  a  second  ANOVA  was  done  excluding  center  visual  field  trials.  The 
two  ANOVAs  indicated  identical  effects,  with  the  exception  that  the  visual 
field  main  effect  was  significant  only  in  the  ANOVA  including  center  visual 
field  data  (F(2,16)  -  6.28,  p  <  0.01).  This  Indicates  that  responses  to 
center  visual  field  stimuli  were  significantly  faster  than  those  to  left  or 
right  visual  field  stimuli. 

The  results  of  the  ANOVA  excluding  center  visual  field  trials  indicated 
the  following.  First,  as  can  be  seen  in  Figure  9,  there  is  no  significant 
Interaction  between  hand,  visual  field,  finger,  and  go  response.  This  repli¬ 
cates  the  results  of  Experiment  3,  and  supports  the  idea  that  the  absence  of 
evidence  of  intrahemispheric  interference  in  Experiments  3,  6,  and  8  did  not 
occur  because  the  go  response  Involved  use  of  only  the  index  finger.  Of 
special  note  is  the  absence  of  a  hand  by  visual  field  interaction  even  for 

middle  finger  mismatch  responses,  which  have  shown  the  most  consistent  effects 
of  interference  in  the  two-choice  experiments. 

The  ANOVA  indicated  that  match  responses  (382  msec)  were  faster  than 
mismatch  responses  (426  msec,  F(l,16)  -  8.99,  p  <  0.01).  There  was  an  inter¬ 
action  between  go  response  and  visual  field  (F(l,16)  *  5.49,  p  <  0.05).  When 
match  was  the  go  response,  right  visual  field  responses  (380  msec)  were 
similar  in  speed  to  left  visual  field  responses  (384  msec).  However,  when  go 

response  was  for  mismatch  pairs,  left  visual  field  responses  (422  msec)  tended 

to  be  faster  than  right  visual  field  responses  (431  msec). 

This  pattern  suggests  a  right  hemisphere  advantage  for  judging  mis¬ 
matches.  This  is  inconsistent  with  previous  studies  suggesting  a  left 
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VISUAL  FIELD 


Figure  9.  Major  Results  of  Experiment  14. 

Percentage  of  error  is  In  parenthesis. 
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hemisphere  advantage  for  mismatch  judgments  (Egeth  &  Epstein,  1972).  The  left 
hemisphere  advantage  has  been  interpreted  as  reflecting  the  left  hemisphere's 
superior  capability  for  the  analytic  processing  hypothesized  as  sometimes 
necessary  for  confirming  detection  of  t'  difference. 

In  the  present  case,  however,  the  letter  differences  were  obvious,  so 
lack  of  an  advantage  for  the  more  "analytic”  hemisphere  is  not  surprising.  In 
fact,  the  left  visual  field  advantage  may  reflect  a  right  hemisphere  advantage 
in  making  use  of  gross,  low  frequency  information  (Sergent,  1983)  which  may 
have  been  sufficient  for  detecting  mismatches  in  the  present  case. 

There  was  a  variety  of  significant  Interactions  involving  the  hand  order 
variable,  including  hand  order  by  hand  (F(l,16)  ■  11.97,  p  <  0.01)  and  hand 
order  by  hand  by  visual  field  (F(l,16)  ■  6.71,  p  <  0.05),  and  hand  order  by 
hand  by  visual  field  by  go  response  (F(l,16)  4.14,  p  <  0.01).  Relevant  data 
are  shown  in  Table  7.  The  hand  by  hand  order  interaction  indicates  that  the 
hand  used  in  the  second  test  session  was  faster  than  that  used  in  the  first 
session.  The  pattern  of  the  hand  by  hand  order  by  visual  field  Interaction 
suggests  that,  although  the  two  hands  performed  similarly  when  used  during  the 
second  session,  there  were  between-hand  differences  in  performance  during  the 
first  test  session.  During  the  first  test  session,  the  left  hand  was 
generally  slower  than  the  right  hand  and  showed  a  larger  tendency  toward  a 
left  visual  field  advantage. 

The  hand  by  hand  order  by  visual  field  by  go  response  interaction  adds 
further  clarification.  The  visual  field  differences  are  generally  small 
(<  10  msec),  with  the  exception  of  mismatch  responses  made  during  the  first 
session.  In  this  case,  for  either  hand,  there  tends  to  be  a  left  visual  field 
advantage,  with  a  somewhat  greater  advantage  for  the  left  hand.  First 
session  performance  is  largely  responsible  for  the  left  visual  field  advantage 
for  mismatches  observed  in  discussing  the  visual  field  by  go  response 
interaction. 

There  was  also  a  significant  hand  order  by  go  response  by  finger  inter¬ 
action  (F(l,16)  »  8.89,  p  <  0.01)  shown  in  Table  8.  When  the  right  hand  is 
used  before  the  left  hand,  there  is  a  consistent  advantage  of  match  reaction 
times  over  mismatch  reaction  times  for  either  finger,  with  a  larger  difference 
for  middle  finger  responses.  In  contrast,  when  the  left  hand  is  used  before 
the  right  hand,  match  responses  are  faster  than  mismatch  responses  only  for 


TABLE  7 


Experiment  lA:  Hand  by  Hand  Order  by  Visual 
Field  by  Go  Response  Interaction. 
Reaction  time  In  msec. 


Hand  Order 

Left 

Before  Right 

Right 

Before  Lef 

Visual  Field  ♦ 

Left 

Right 

Left 

Right 

Go  Response  4' 

Hand  * 

Match 

Left 

404 

403 

363 

360 

Right 

383 

380 

387 

379 

Mismatch 

Uft 

438 

461 

416 

411 

Right 

404 

407 

430 

446 

50 


TABLE  8 


Experiment  14:  Hand  Order  by  Go  Response  by 
Finger  Response  Interaction. 

Reaction  time  in  msec. 


Hand  Order  -►  Left  Before  Right  Right  Before  Left 

Go  Response  +  Finger  + 


Match 

Index 

369 

385 

Middle 

416 

360 

Mismatch 

Index 

461 

407 

Middle 

394 

444 

51 
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index  finger  responses;  alsmatches  are  faster  than  matches  for  middle  finger 
responses. 

An  ANOVA  was  done  on  an  arcsine  transformation  of  percentage  of  error, 
excluding  center  visual  field  data.  There  were  no  significant  main  effects. 
There  was  a  number  of  significant  Interactions,  Including  go  response  by 
finger  by  visual  field  (F(l,16)  -  9.94,  p  <  0.01)  and  go  response  by  finger  by 
visual  field  by  hand  {F(l,16)  -  4.57,  p  <  0.05).  Examination  of  these 
interactions  indicated  no  meaningful  pattern.  The  variation  in  error  rate  was 
very  small,  and  difficult  to  interpret,  so  will  not  be  reviewed  here.  The 
error  pattern  does  not  indicate  that  speed-accuracy  tradeoffs  had  occurred. 

The  most  Important  result  of  Experiment  14  is  evidence  that  the  absence 
of  intrahemlspherlc  interference  seen  in  previous  go-no  go  experiments  was  not 
an  artifact  of  use  of  the  index  finger.  Evidence  of  interference  reliably 
disappears  when  a  go-no  go  response  is  used  regardless  of  the  identity  of  the 
responding  finger  or  of  the  response  (match  or  mismatch). 

F.  gxperisient  15 

1.  Introduction 

The  purpose  of  Experiment  15  was  to  investigate  some  alternative  explana¬ 
tions  for  the  interaction  between  responding  hand  and  visual  field  observed  in 
the  earlier  studies.  The  advantage  for  the  visual  field  contralateral  to  the 
responding  hand  has  been  interpreted  in  terms  of  intrahemlspherlc  interfer¬ 
ence.  However,  the  change  in  effects  when  Che  response  assignment  is  reversed 
was  not  predicted  in  terms  of  hemisphere-related  effects,  and  Indicates  Chat 
alternative  explanations  should  be  considered. 

Table  9  summarizes  Che  findings  of  Experiments  12  and  13.  Throughout 
this  research,  mismatch  responses  have  been  associated  with  more  reliable 
effects  than  match  responses,  so  alternative  explanations  for  the  variation 
associated  with  mismatch  responses  were  the  major  focus.  As  Table  9 
indicates,  "different"  responses  are  associated  with  a  reliable  advantage  for 
stimuli  in  the  visual  field  contralateral  to  the  responding  hand  when  RAl  is 
used,  and  an  ipsllateral  visual  field  advantage  when  RA2  is  used. 


The  fact  that  the  effects  vary  when  there  is  reversal  of  the  location  of 
the  response  within  the  two  fingers  suggests  that  variables  associated  with 


TABLE  9 


Summary  of  Findings  of  Experiments  12,  13A,  13B, 
The  favored  visual  field  (VF)  relative  to 
Che  responding  hand  is  indicated. 


Experiment 


Response 

Assignment 


Match 


Response 

Mismatch 


12 


Match-Middle  Finger  Contralateral  VF* 

Mismatch-Index  Finger  (p  <  0.05) 


Ipsilateral  VF 
(p  <  0.05) 


13A 


Match-Index  Finger  fto  VF  difference 

Mismatch-Middle  Finger 


Contralateral  VF 
(p  <  0.05) 


13B 


Match-Middle  Finger  Ipsilateral  VF 

Mismatch-Index  Finger  (p  <  0.10) 


Ipsilateral  VF 
(p  <  0.05) 


*A  contralateral  VF  advantage  is  consistent  with  the  occurrence  of  Intrahemi- 
spherlc  interference. 
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Che  finger  could  be  an  Important  factor.  One  possible  explanation  examined  In 
Experiment  15  vas  Chat  of  “finger  hemlspace"  effects.  In  the  present  case, 
hemlspace  (Bowers  &  Heilman,  1980}  refers  to  the  position  of  the  finger  to  the 
right  or  left  of  the  body  mldllne.  The  keyboard  is  located  such  that  Che 
midline  between  the  two  keys  falls  along  the  body  midline.  For  left  hand 
responses,  this  positions  the  middle  finger  In  left  hemlspace  and  the  Index 
finger  In  right  hemlspace.  For  right  hand  responses  the  opposite  Is  true. 
For  purposes  of  simplicity  discussion  will  focus  on  left  hand  responses, 
although  extensions  of  the  described  hypotheses  also  apply  to  right  hand 
responses. 

The  hypothesis  being  considered  was  Chat  performance  might  reflect  a  type 
of  compatibility  as  a  function  of  the  stimulus  type  and  the  hemlspaclal 
relationship  between  the  stimulus  and  Che  responding  finger.  For  example,  for 
left  hand  mismatch  responses  using  RAl,  the  responding  middle  finger  was  In 
left  hemlspace  (see  Figure  10).  There  was  a  type  of  compatibility  between  the 
response  and  right  visual  field  mismatch  stimuli.  There  was  compatibility 
between  the  nature  of  the  stimuli  (mismatch)  and  the  hemlspaclal  relation  be¬ 
tween  the  stimulus  and  the  responding  finger.  For  right  visual  field  mismatch 
stimuli  the  response  In  the  "mismatching"  hemlspace  Is  the  middle  finger  re¬ 
sponse.  It  Is  possible  that,  for  RAl,  left  hand  mismatch  responses  were 
faster  for  right  visual  field  mismatch  stimuli  because  those  stimuli  were  In  a 
mismatch  hemlspace.  Such  effects  will  be  called  "finger  hemlspace"  effects. 

Finger  hemlspace  effects  can  also  explain  the  Ipsllateral  vlsua]  field 
advantage  for  mismatch  responses  made  with  RA2.  With  RA2,  mismatch  responses 
by  Che  left  hand  are  made  by  the  Index  finger  In  right  hemlspace.  In  this 
case,  the  mismatch  pairs  appearing  In  the  left  visual  field  are  In  the 
hemlspace  mismatching  that  of  the  responding  finger.  This  results  In  an 
advantage  for  stimuli  In  Che  visual  field  Ipsllateral  to  the  responding  hand. 

A  similar  explanation  can  also  be  applied  to  certain  patterns  seen  In 
match  responses.  For  RAl,  Che  left  hand  match  response  Is  made  by  the  Index 
finger,  which  Is  In  the  right  hemlspace.  Stimuli  In  the  right  visual  field 
are  in  the  hemlspace  which  "matches"  that  of  the  match  response.  This  may 
result  In  a  tendency  for  left  hand  match  responses  Co  favor  right  visual  field 
stimuli,  stimuli  In  Che  visual  field  contralateral  to  the  responding  hand. 


54 


I 

LEFT  HEMISPACE  I  RIGHT  HEMISPACE 


¥  Stlmulut  i«  in 
right  h«mi«pac« 


HEMISPACE  EFFECT: 


I 


Th«  "mismatch*  stimulus  is  in  ths 
visual  fIsM  whose  hsmispscs  mis< 
mstchss  that  of  ths  responding 
finger. 


Figure  10.  Possible  Finger-Related  Stimulus-Response  Compatibility  Effects 


similar  logic  can  explain  why  match  responses  made  with  RA2  might  favor 
stimuli  In  the  ipsllateral  visual  field,  as  occurred  In  Experiment  I3B, 
although  not  In  Experiment  12. 

Thus,  one  possible  explanation  for  the  observed  effects  Is  In  terms  of 
finger  hemlspace  effects.  A  second  possible  explanation  of  the  results  of 
Experiment  13B  (although  not  of  13A)  is  In  terms  of  the  effects  of 
compatibility  between  stimulus  visual  field  and  the  perceived  spatial  location 
of  the  responding  hand.  In  Experiment  13B  there  was  an  advantage  for  stimuli 
In  the  visual  field  Ipsllateral  to  the  responding  hand.  Such  effects  were  not 
anticipated,  given  evidence  suggesting  that  spatial  stimulus-response  spatial 
compatibility  effects  are  minimized  when  responses  are  centrally  located, 

rather  than  laterally  located.  The  central  response  location  has.  In  fact, 

been  recommended  to  minimize  such  effects  In  visual  half-field  studies  (Young, 
1982).  It  Is,  however,  possible  that  despite  the  central  location  of  the 
response,  subjects  perceived  the  hand  as  being  ’’left"  or  “right”  as  a  function 
of  Its  identity. 

Experiment  IS  was  designed  to  examine  both  finger  hemlspace  and  response 
location  explanations.  The  major  manipulation  In  this  experiment  was  to 
reposition  the  response  In  a  clearly  lateral  location,  to  the  left  for  left 
hand  responses  and  to  the  right  for  right  hand  responses.  It  was  hypothesized 
that  If  compatibility  effects  in  terms  of  finger  hemlspace  were  Important, 
then  positioning  the  response  in  a  lateral  (rather  than  central)  location 

should  result  in  similar  effects  to  those  seen  In  Experiment  13  for  middle 
finger  responses,  but  different  effects  for  Index  finger  responses.  This  is 
because  the  hemlspace  of  middle  finger  response  does  not  vary  when  It  Is  moved 
more  laterally,  but  the  hemlspace  of  the  Index  finger  response  Is  reversed. 
For  example,  when  the  left  hand  Is  centrally  or  laterally  located,  the  middle 
finger  is  In  left  hemlspace.  However,  when  the  left  hand  Is  centrally  locat¬ 
ed,  the  Index  finger  Is  In  right  hemlspace,  while  for  the  lateral  location, 
the  Index  finger  Is  In  left  hemlspace.  In  other  words,  the  responses  of  the 
Index  and  middle  finger  should  be  more  similar  for  the  lateral  response 
location  because  both  fingers  are  then  In  the  same  hemlspace. 

In  contrast,  if  compatibility  effects  in  terms  of  response  spatial 
location  are  Important,  then  laterally  noattlonlng  the  response  should 
Increase  the  effects  found  In  Experiment  13B  since  the  lateral  spatial 
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location  becomes  more  pronounced.  Finally,  if  hemisphere-related  effects  are 
the  determining  factor,  the  results  of  Experiment  15  should  be  similar  to 
those  of  Experiment  13A,  since  there  should  be  no  change  in  hemisphere-related 
processing. 

2.  Method 

Experimental  Design.  The  design  was  similar  to  that  used  in  Experiment 
13A  and  13B.  The  only  difference  was  that,  instead  of  one  response  assignment 
being  tested  before  the  other,  the  order  of  conditions  was  mixed. 

Procedure.  The  procedure  was  Identical  to  that  used  in  Experiment  13A 
and  13B,  with  the  following  exception.  Instead  of  being  centrally  located, 
with  the  two  response  keys  on  either  side  of  the  body  midline,  the  response 
board  was  located  on  the  left  side  for  left  hand  conditions,  and  on  the  right 
side  for  right  hand  conditions.  The  keyboard  was  positioned  such  that  the 
midline  between  the  two  response  keys  was  located  12  cm  to  the  right  or  left 
of  the  body  midline. 

3.  Results  and  Discussion 

For  each  subject,  the  median  reaction  time  and  average  percentage  of 
error  were  computed  for  each  stimulus  type  by  visual  field  by  responding  hand 
condition,  collapsing  over  trial  blocks  and  eliminating  the  first  practice 
block.  These  data  are  shown  in  Figures  11  and  12.  The  individual  subject 
data  are  in  Appendix  E. 

Two  separate  ANOVAs  were  performed,  each  excluding  center  visual  field 
data  to  allow  the  focus  to  be  on  left-right  visual  field  differences.  To 
allow  comparison  with  Experiments  13A  and  13B,  one  analysis  was  done  for 
subjects  using  RAl  and  a  second  analysis  was  done  for  subjects  using  RA2. 
Each  of  these  analyses  Included  hand  order  as  a  be tween-subjects  factor,  and 
visual  field,  stimulus  type,  and  responding  hand  as  wlthin-subjects  factors. 
The  results  of  each  ANOVA  are  discussed  below. 

Response  Assignment  1.  There  were  no  significant  main  effects,  although 
the  right  hand  (520  msec)  tended  to  be  faster  than  the  left  hand  (545  msec, 
F(l,10)  ■  3.42,  p  <  0.10).  There  was  a  significant  hand  order  by  hand 
interaction  (F(l,10)  »  23.24,  p  <  0.01),  the  faster  hand  being  that  used 
during  the  second  test  session.  There  was  significant  responding  hand  by 


REACTION  TIME  (msec) 


Figure  11.  Major  Results  of  Experiment  15  For  Response  Assignment  1. 
Percentage  of  error  is  in  parenthesis. 
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REACTION  TIME  (msec) 


MATCH 

(middle  finger) 


MISMATCH 
(index  finger) 

(11) 


(8) 

(8) 


x^(9) 


- LEFT  HAND 

- RIGHT  HAND 

Hand  latarally  locatad. 

Fingars  parpandicuiar  to 
diaplay. 

Raapooaa  Aaaignmant  2. 

_H - 1 - 1 - 1 - 1 - ^ - 

Left  Right  Center  Left  Right  Center 
VISUAL  FIELD 


Figut-e  12.  Major  Results  of  Experiment  15  For  Response  Assignment  2. 
Percentage  of  error  is  in  parenthesis. 


visual  field  interaction  (F(l,10)  ■  9.47,  p  <  0.01).  There  is  an  advantage 
for  the  visual  field  contralateral  to  the  responding  hand.  This  effect 
appears  in  Figure  11  to  be  more  pronounced  for  mismatches  than  for  matches. 
T-tests  of  the  interaction  scores  indicated  that  Che  Interaction  is  signifi¬ 
cant  for  mismatches  (t(ll)  -  1.87,  p  <  0.05)  but  not  for  matches. 

For  RAl,  there  was  also  a  significant  interaction  between  responding 
hand,  visual  field,  stimulus  type,  and  hand  order  (F(l,10)  ■  6.91,  p  <0.05). 
As  can  be  seen  in  Table  10,  the  advantage  for  the  visual  field  contralateral 
to  the  responding  hand  varied  with  stimulus  type  and  session  of  responding 
hand  use  (first  and  second).  The  advantage  tends  to  be  weaker  or  eliminated 
for  match  responses  made  by  subjects  using  the  left  to  right  hand  order  as 
well  as  for  mismatch  responses  made  by  subjects  using  the  right  Co  left  hand 
order.  The  reason  for  this  variation  is  unclear,  but  suggests  that  additional 
factors  are  determining  the  advantage  for  the  visual  field  contralateral  to 
the  responding  hand. 

A  comparable  ANOVA  was  performed  on  an  arcsine  transformation  of  the 
percentage  of  error.  The  only  significant  effect  was  that  of  stimulus  type 
(F(l,10)  ■  12.91,  p  <  0.01).  The  percent  error  was  greater  for  matches  (11.3) 
than  for  mismatches  (7.8).  The  Increased  error  rate  for  matches  is  especially 
pronounced  for  left  visual  field  stimuli. 

Several  aspects  of  the  data  are  particularly  interesting.  First,  the 
results  for  RAl  are  highly  similar  to  those  of  Experiment  13A  even  though 
response  location  was  no  longer  central.  Of  particular  interest  is  Che 
absence  of  change  in  visual  field  effects  for  match  responses  which  were  made 
with  the  index  finger.  As  was  explained  earlier,  if  finger  hemispace  is  an 
important  factor,  then  index  finger  response  patterns  should  change  when  the 
response  is  lateralized.  The  absence  of  such  change  for  RAl  qi  tions  the 
Importance  of  finger  hemispace. 

Second,  the  similarity  between  Experiment  15  data  for  RAl  and  Experiment 
13A  data  also  weakens  the  explanation  that  compatibility  effects  in  terms  of 
response  location  are  important.  If  such  effects  were  important,  one  might 
anticipate  a  change  in  visual  field  effects  when  the  lateral  location  was  a 
more  salient  factor. 
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TABLE  10 


Experiment  15,  Response  Assignment  1: 
Responding  Hand  by  Hand  Order  by 
Stimulus  Type  by  Visual  Field  Interaction. 
Reaction  time  in  msec. 


Hand  Order 

Left  Before 

Right 

Right 

Before  Left 

Hand 

Left 

Right 

Left 

Right 

Visual  Field 

Left 

Right 

Left  Right 

Left  Right 

Left  Right 

Stimulus  Type  4- 

Match 

602 

604 

517  490 

498  473 

518  546 

Mismatch 

605 

569 

486  529 

497  511 

535  538 
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A  difference  between  Experiment  15  data  for  RAl  and  that  of  Experiment 
13A  is  that  In  the  former  case  match  responses  were  similar  In  speed  and  less 
accurate  than  mismatch  responses.  Usually,  matches  have  been  faster  and  of 
similar  accuracy.  The  results  of  Experiment  15  for  RAl  imply  that  matches 
become  more  difficult  when  response  position  vaa  lateral.  This  Interpretation 
Is,  however,  not  supported  by  the  data  for  RA2,  discussed  below. 

Response  Assignment  2.  This  ANOVA  Included  only  those  subjects  tested 
under  the  match-middle  finger,  mismatch-index  finger  response  assignment.  The 
only  significant  main  effect  was  that  of  stimulus  type,  with  match  responses 
(570  msec)  being  faster  than  mismatch  responses  (594  msec,  F(l,10)  ■  22.9,  p  < 
0.05).  The  only  significant  interaction  was  that  between  hand  order  and 
responding  hand  (F(l,10)  ■  6.71,  p  <  0.05),  again  Indicating  that  the  faster 
hand  was  that  used  during  the  second  testing  session. 

Although  neither  the  responding  hand  by  visual  field  Interaction  nor  the 
responding  hand  by  visual  field  by  stimulus  type  Interaction  was  significant, 
Figure  12  suggests  possible  differences  in  the  latter  interaction  for  matches 
and  mismatches.  T-tests  Indicated  that  the  interaction  score  was  significant 
for  mismatches  (t(ll)  «  1.87,  p  <  0.05),  but  not  for  matches  (p  >  0.20).  For 
mismatches,  there  was  an  advantage  for  the  visual  field  Ipsllateral  to  the 
responding  hand. 

The  ANOVA  of  the  arcsine  transformation  of  percentage  of  error  indicated 
a  significant  effect  of  visual  field  (F(l,10)  •  8.44,  p  <  0.05),  the  percent¬ 
age  of  error  being  less  in  the  left  visual  field  (7.3)  than  in  the  right 
visual  field  (9.3).  There  were  no  other  significant  effects. 

The  results  of  Experiment  15  for  RA2  are  very  similar  to  those  of 
Experiment  13B  In  most  respects.  The  fact  that  the  pattern  of  index  finger 
mismatch  responses  did  not  change  argues  against  the  Importance  of  finger 
hemlspace.  The  fact  that  there  was  a  reduction  In  the  tendency  for  middle 
finger  match  responses  to  favor  the  visual  field  ipsllateral  to  the  responding 
hand  also  supports  this  conclusion. 

The  idea  that  response  lateral  spatial  location,  either  perceived  or 
actual,  determines  the  visual  field  effects  is  also  not  supported.  There  was 
no  increase  in  the  magnitude  or  reliability  of  the  tendency  for  performance  to 
favor  stimuli  in  the  visual  field  ipsllateral  to  the  responding  hand. 
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In  conclusion,  the  results  of  Experiment  15  do  not  support  the  ideas  that 
either  finger  hemispace  or  response  location  are  determining  the  results.  The 
most  plausible  explanation  remains  to  be  in  terms  of  hemisphere-related 
factors. 

C.  Experiment  16 

1.  Introduction 

The  purpose  of  Experiment  16  was  to  test  an  additional  hypothesis 
concerning  the  role  of  finger  position  as  a  factor  determining  the  observed 
visual  field  effects.  It  was  hypothesized  that  relative  left-right  finger 
position  within  the  hand  might  be  important.  For  the  right  hand  the  index 
finger  is  leftmost  and  the  middle  finger  Is  rightmost;  the  reverse  is  true  for 
the  left  hand.  This  is  true  as  long  as  the  fingers  are  positioned 
perpendicular  to  the  body,  regardless  of  whether  the  hand  is  central  or 
lateral.  It  was  possible  that  the  visual  field  effects  were  a  function  of 
compatibility  between  the  stimulus  type  and  the  relationship  between  the 
stimulus  visual  field  (left  or  right)  and  the  finger  position  within  the  hand 
(left  or  right). 

For  example,  for  left  hand  responses  using  RAl  there  is  compatibility 
between  middle  finger  mismatch  responses  (which  are  made  on  the  leftmost  of 
the  two  fingers  being  used)  and  mismatch  pairs  appearing  in  the  right  visual 
field,  whose  lateral  position  "mismatches"  that  of  the  responding  finger.  For 
left  hand  responses  using  RAl,  there  is  also  compatibility  between  match 
responses  made  on  the  index  finger  (rightmost)  and  match  pairs  in  the  right 
visual  field.  This  sort  of  compatibility  could  account  for  the  advantage  for 
the  visual  field  contralateral  to  the  responding  hand  seen  with  RAl. 
Extending  this  logic,  the  same  type  of  compatibility  could  explain  the  effects 
seen  with  RA2. 

The  major  manipulation  in  Experiment  16  was  to  eliminate  the  left-right 
position  of  the  fingers  by  placing  the  response  board  such  that  it  was 
parallel  to  the  horizontal  axis  of  the  display  and  of  the  body.  In  this  case, 
the  middle  finger  is  slightly  nearer  to  the  display,  than  Is  the  index  finger 
but  neither  is  to  the  left  or  right  of  the  other.  If  the  compatability 
effects  described  above  have  been  operative,  this  positioning  of  the  response 
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board  should  eliminate  those  effects. 

2.  Method 

Experimental  Design.  The  design  was  Identical  to  that  used  In  Experiment 
15. 

Procedure.  The  procedure  was  identical  to  that  uced  In  Experiment  15, 
with  the  following  exception.  The  response  board  was  placed  In  a  central 
position  but  with  the  response  keys  parallel  to  the  horizontal  axis  of  the 
display  and  to  the  body. 

3.  Results 

For  each  subject,  the  median  reaction  time  and  percentage  of  error  were 
computed  for  each  stimulus  type  by  visual  field  by  responding  hand  condition, 
collapsing  over  trial  blocks  and  eliminating  the  first  practice  block.  These 
data  are  shown  In  Figures  13  and  14.  Individual  subject  data  are  In  Appendix 

F. 

Two  separate  ANOVAs  were  performed,  each  excluding  center  visual  field 
data  to  focus  on  left-right  differences.  To  allow  comparison  with  Experiments 
13  and  15,  one  analysis  was  done  for  subjects  using  RAl,  and  a  second  analysis 
was  done  for  subjects  using  RA2.  Each  of  these  analyses  included  hand  order 
as  a  between-subjects  factor,  and  visual  field,  stimulus  type  and  responding 
hand  as  wlthin-subjects  factors.  The  results  of  each  ANOVA  are  discussed 
below. 

Response  Assignment  1.  The  only  main  effect  approaching  significance  was 
a  tendency  for  the  right  hand  (514  msec)  to  be  faster  than  the  left  hand  (545 
msec,  F(l,10)  ■  4.82,  p  <  0.06).  There  was  a  significant  Interaction  between 
hand  and  hand  order  (F(l,10)  ■  18.34,  p  <  0.01),  the  faster  hand  being  that 
used  during  the  second  session. 

There  was  a  significant  Interaction  between  responding  hand  and  visual 
field  (F(l,10)  *  5.66,  p  <  0.05),  and  a  tendency  for  the  responding  hand  by 
visual  field  by  stimulus  type  Interaction  also  to  be  significant  (F(l,10)  «• 
3.32,  p  <  0.10).  T-tests  of  the  Interaction  scores  Indicate  that  there  was  a 
significant  advantage  for  the  stimulus  In  the  visual  field  contralateral  to 
the  responding  hand  for  mismatches  (t(l,ll)  ■  3.39,  p  <  0.01),  but  not  for 
matches.  For  matches  there  tended  to  be  a  left  visual  field  advantage  for 
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Figure  13.  Major  Results  of  Experiment  16  For  Response  Assignment  1. 
Percentage  of  error  is  in  parenthesis. 
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Figure  14.  Major  Results  of  Experiment  16  For  Response  Assignment  2. 
Percentage  of  error  is  in  parenthesis. 


either  hand;  10/12  subjects  showed  this  trend  for  left  hand  performance  and 
8/12  for  right  hand  performance. 

The  ANOVA  on  the  arcsine  transformation  of  percentage  of  error  Indicated 
that  only  the  responding  hand  by  visual  field  by  stimulus  type  Interaction  was 
significant  (F(l,10)  ■  19.54,  p  <  0.01).  The  most  important  aspect  of  this  is 
that  for  mismatches  the  error  scores  are  consistent  with  the  reaction  time 
scores  in  suggesting  that  performance  is  better  for  stimuli  appearing  in  the 
visual  field  contralateral  to  the  responding  hand.  Percentage  of  error  for 
matches  shows  less  evidence  of  a  responding  hand  by  visual  field  interaction. 
There  is  no  evidence  of  a  speed-accuracy  tradeoff. 

Response  Assignment  2.  The  only  effects  significant  at  the  five  percent 
level  were  the  effects  of  hand  order  and  the  interaction  between  hand  order 
and  hand.  Subjects  who  used  their  right  hand  first  were  faster  (503  msec) 
than  those  who  used  their  left  hand  first  (623  msec,  F(l,10)  «  5.51,  p  < 
0.05).  Subjects  were  faster  with  the  hand  used  during  the  second  session 
(F(l,10)  -  30.35,  p  <  0.01). 

The  hand  by  visual  field  interaction  only  approached  significance 
(F(l,10)  ■  3.29,  p  <  0.10).  As  can  be  seen  in  Figure  10,  right  (but  not  left) 
hand  matches  favor  the  visual  field  ipsllateral  to  the  responding  hand  and 
left  (but  less  so  right)  hand  mismatches  show  a  similar  trend.  T-tests 
Indicated  that  the  interaction  score  was  not  reliable  for  either  stimulus 
type,  although  it  approached  reliability  for  matches  (t(l,ll)  ■  1.55,  p  < 
0.10). 

An  ANOVA  of  the  arcsine  transformation  of  the  percentage  of  error 
indicated  that  only  the  interaction  between  hand  and  hand  order  was  signifi¬ 
cant  (F(i,10)  ■  7.16,  p  <  0.02).  When  the  right  hand  was  used  first,  the 
right  hand  had  slightly  less  error  (7.02)  than  did  the  left  hand  (7.7%). 
However  when  the  left  hand  was  used  first,  the  left  hand  had  considerably  less 
error  (7.4%)  than  did  the  right  hand  (8.2%).  These  tendencies  suggest  that, 
in  terms  of  accuracy,  performance  was  less  efficient  with  the  hand  used 

second;  this  pattern  is  opposite  from  that  implied  by  the  reaction  time 

data.  This  suggests  that  hand  order  effects  were  subject  to  speed-accuracy 
tradeoffs,  with  performance  being  faster,  but  less  accurate,  for  the  hand  used 
second.  There  was,  however,  no  evidence  of  systematic  speed-accuracy 

tradeoffs  affecting  the  conditions  of  major  interest.  The  lower  error  rate 
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for  right  hand,  left  visual  field  matches  (see  Figure  14)  Is  not  a  reliable 
effect. 

4.  Discussion 

The  major  purpose  of  Experiment  16  was  to  determine  whether  the  hand  by 
visual  field  Interactions  observed  In  Experiment  13  were  replicated  when  the 
hand  was  repositioned  to  eliminate  certain  possible  stimulus-response 
compatibility  effects.  For  RAl,  the  results  of  Experiments  13  and  16  are 
highly  similar.  A  comparison  of  Figures  S  and  13  Indicates  similar  responding 
hand  by  visual  field  by  stimulus  type  interactions.  For  each  experiment, 
there  tends  to  be  an  advantage  for  stimuli  in  the  visual  field  contralateral 
to  the  responding  hand  for  mismatches,  but  not  for  matches.  The  contralateral 
visual  field  advantage  Is  consistent  with  the  occurrence  of  Intrahemlspherlc 
Interference. 

Thus,  performance  using  RAI  tends  to  replicate  that  seen  in  Experiment 
13,  thus  weakening  the  idea  that  compatibility  effects  related  to  finger 
position  are  Important.  The  results  involving  RA2  (see  Figures  7  and  14)  also 
question  this  Idea,  although  the  replication  of  effects  is  less  striking.  In 
particular,  the  interaction  between  responding  hand  and  visual  field  which  was 
rather  pronounced  in  Experiment  13B  only  approaches  significance  in  Experiment 
16,  although  It  is  similar  In  nature.  In  both  experiments  there  is  a  tendency 
for  responses  to  favor  stimuli  in  the  visual  field  ipsilateral  to  the 
responding  hand  when  RA2  Is  used. 

In  general,  therefore,  the  results  of  Experiment  16  do  not  support  the 
Idea  that  compatibility  effects  related  to  finger  position  are  determining  the 
observed  responding  hand  by  visual  field  Interactions. 

There  are  some  differences  between  Experiments  13  and  16  that  merit  some 
comment.  For  both  response  assignments,  and  particularly  for  RAl,  two  major 
differences  are,  first,  that  reaction  times  are  slower  In  Experiment  16,  and 
second,  that  match  responses  are  faster  than  mismatch  responses  In  Experiment 
13  but  not  in  Experiment  16.  The  differences  between  these  two  experiments 
are  very  similar  to  those  seen  in  comparing  Experiments  13  and  15.  It  appears 
that  repositioning  the  hand  either  laterally  (rather  than  centrally)  or  with 
fingers  parallel  (rather  than  perpendicular)  to  the  display  Increases  response 
time.  When  this  occurs,  the  difference  between  match  and  mismatch  reaction 
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times  Is  eliminated.  This  is  rather  Intriguing,  implying  an  interaction 
between  response-related  and  more  central,  decision-related  factors. 

H.  Baperiment  17 

I.  Introduction 

In  Experiment  17,  a  lexical  decision  task  was  used  to  examine  the  effects 
of  intrahemlspherlc  interference.  A  major  rationale  was  to  examine  the  ef¬ 
fects  of  Interference  on  a  task  for  which  the  left  hemisphere  is  specialized. 
The  majority  of  the  studies  conducted  in  this  research  program  to  date  have 
Involved  tasks  for  which  a  right  hemisphere  advantage  has  been  reported 
(Cohen,  1972;  Geffen,  Bradshaw  &  Wallace,  1971),  although  the  present  results 
question  whether  this  is  a  reliable  effect.  The  lexical  decision  task 
requires  subjects  to  decide  whether  a  letter  string  comprises  a  word  (e.g., 
BOAT)  or  a  nonword  (e.g.,  TOAB).  A  right  visual  field,  left  hemisphere  advan¬ 
tage  has  frequently  been  reported  for  this  task  (e.g.,  Bradshaw  &  Gates, 
1978),  and  is  consistent  with  left  hemisphere  superiority  at  linguistic 
skills. 

Another  rationale  for  switching  from  the  capital  letter-matching  task  was 
to  decrease  the  effects  of  several  factors  characterizing  this  task  which 
might  mask  effects  of  intrahemlspherlc  interference.  One  of  these  factors  was 
the  necessity  to  make  "match-mismatch”  decisions.  There  is  considerable 

evidence  that  match  and  mismatch  decisions  may  be  products  of  different 
processing  operations  (Bamber,  1969;  Krueger,  1979),  and  that  there  may  be 
hemispheric  differences  in  the  relative  efficiency  of  each  hemisphere  for 

these  operations.  Several  studies  have  reported  a  right  hemisphere  advantage 
for  otatch  decisions  and  a  left  hemisphere  advantage  for  mismatch  decisions 
(Egeth  &  Epstein,  1972),  although  this  Interaction  is  not  always  reliably 

replicated.  Effects  of  this  interaction  could,  in  part,  be  responsible  for 

the  variability  in  effects  associated  with  match  and  mismatch  responses  seen 
in  the  present  research. 

The  capital  letter-matching  task  is  also  vulnerable  to  effects  of 

variation  in  processing  strategy.  It  is  not  a  heavily  laterallzed  task  and 

does  not  produce  a  reliable  visual  field  advantage.  It  is  likely  that 

subjects  can  use  either  a  left  or  right  hemisphere  stimulus  processing 
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strategy.  However,  If  there  are  lodividual  differences  In  strategy 
flexibility  and/or  consistency,  then  this  would  add  variability  to  the  data 
which  might  mask  Interference  effects..  A  task  requiring  a  more  consistent 
strategy,  such  as  the  lexical  decision  task.  Is  less  vulnerable  to  masking  of 
effects  by  such  variation. 

2.  Method 

Stimuli.  The  lexical  decision  task  that  was  selected  required  subjects 
to  decide  whether  a  letter  string  comprised  a  word  or  nonword.  Since  item 
length,  word  frequency,  and  %rord  grammatical  class  have  been  suggested  as 
affecting  the  reliability  of  the  right  visual  field  advantage  (Bradshaw  & 
Gates,  1978;  Day,  1977;  Frederlcksen  &  Kroll,  1970;  Lelber,  1976),  it  was 

desirable  to  control  for  these  factors.  For  word  Items,  It  was  decided  to  use 
four-letter,  one-syllable  nouns  since  these  characteristics  have  been 
associated  with  reliable  effects.  Also,  the  item  length  is  adequately  short 
such  that  It  is  likely  that  the  item  Is  perceived  as  a  unit.  It  was  decided 
to  systematically  manipulate  word  concreteness,  since  this  is  another  factor 
that  has  been  reported  to  affect  the  right  visual  field  advantage  (Day,  1977). 
Half  of  the  words  were  concrete  nouns  and  half  were  abstract. 

Existing  word  lists  rating  concreteness-abstractness  (e.g.,  Paivio, 
Yuille,  &  Madlgan,  1968)  did  not  Include  sufficient  numbers  of  four-letter 
nouns  for  the  purposes  of  Experiment  17.  Therefore,  a  brief  study  was 

conducted  to  obtain  concreteness  ratings  of  a  list  of  223  nouns  taken  from 
Thorndike  and  Lorge  (1944).  The  method  and  results  of  this  study  are  de¬ 
scribed  in  Appendix  G.  Both  the  between-  and  the  wl thin-subject  ratings  that 
were  obtained  had  reliabilities  exceeding  0.90.  Also,  there  was  high  reli¬ 
ability  between  the  ratings  in  the  present  study  and  those  of  Paivio,  et  al. 
The  64  nouns  having  the  highest  concreteness  rating  and  the  64  having  the 
lowest  concreteness  ratings  were  selected  for  use  as  stimulus  Items. 

Nonwords  were  created  by  taking  each  word  item  and  recombining  its 

letters  to  create  a  one-syllable,  pronounceable  nonword.  Homophones  of  real 
words  were  not  used.  Appendix  H  lists  the  64  abstract  words,  64  concrete 
words,  and  128  nonwords  made  from  each  of  the  words,  also  indicating  the 
average  frequency  ratings. 

The  stimulus  list  was  divided  into  four  blocks  of  64  trials  each.  Each 
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block  consisted  of  16  of  the  concrete  words,  16  of  the  abstract  words  of 
similar  frequency,  and  the  32  nonwords  formed  from  the  letters  of  each  word. 
Half  of  each  item  type  was  designated  for  presentation  In  the  right  visual 
field  stimuli  and  half  of  similar  frequency  was  designated  for  the  left  visual 
field.  Both  item  type  and  item  visual  field  were  randomly  ordered  within  a 
trial  block. 

There  were  also  two  practice  trial  blocks,  each  thirty-two  items  in 
length  and  composed  similarly  to  the  test  trial  blocks  described  previously. 
The  practice  blocks  did  not  use  any  of  the  items  in  the  test  blocks. 

Each  item  was  presented  in  either  a  vertical  or  horizontal  orientation, 
with  orientation  being  consistent  for  a  given  subject.  It  was  decided  to 
systematically  manipulate  this  factor  between  subjects  because,  although  it 
seems  logical  that  the  left  hemisphere  advantage  should  be  more  reliable  with 
the  more  linguistically  natural  horizontal  orientation,  the  vertical  orien¬ 
tation  has  often  been  recommended  to  reduce  the  effects  of  lef t-to-rlght 
visual  scanning  biases  (Bryden,  1982).  It  is  difficult  to  see  how  such 
scanning  biases  can  affect  performance  in  conditions  in  which  the  brevity  of 
stimulus  presentation  is  insufficient  for  eye  movements  to  occur.  Nonethe¬ 
less,  it  was  decided  to  systematically  manipulate  stimulus  orientation  to 
examine  whether  reliable  differences  occurred. 

Each  letter  measured  5.0  mm  by  5.0  mm.  For  the  vertical  orientation,  the 
inner  edge  of  the  most  central  letter  was  18.0  mm  from  the  fixation  point. 
There  was  1.5  mm  between  the  bottom  of  one  letter  and  the  top  of  the  one  below 
it.  Two  letters  appeared  above  the  horizontal  axis  through  the  fixation 
point,  and  two  appeared  below  this  axis.  In  the  vertical  orientation,  each 
letter  appeared  between  2.06  and  2.63  degrees  of  visual  angle. 

For  the  horizontal  orientation,  the  inner  edge  of  the  most  central  letter 
(in  either  visual  field)  was  13.0  mm  from  the  fixation  point.  There  was 
1.0  ram  between  letters.  The  letters  were  vertically  positioned  on  the  hori¬ 
zontal  axis  through  the  fixation  point.  Since  subjects  viewed  from  a  distance 
500.0  mm  from  the  display,  the  four-letter  item  appeared  between  1.49  to  4.12 
degrees  of  visual  angle.  In  the  horizontal  condition,  it  was  decided  to  allow 
a  smaller  visual  angle  from  the  fixation  point  to  the  inner-most  letter  In 
order  to  reduce  the  information  viewed  in  more  lateral,  peripheral  vision, 
where  acuity  is  poorer.  Hemispheric  projections  are,  however,  easily  obtained 
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for  Information  presented  at  least  one  degree  from  visual  fixation. 

Subjects.  The  subjects  were  thirty-two  right-handed  males  from  the  same 
population  used  for  the  previous  experiments. 

Apparatus .  The  apparatus  used  previously  was  used  here. 

Experimental  Design.  Subjects  were  tested  in  two  test  sessions,  each 
lasting  approximately  one  hour  and  occurring  on  two  successive  days.  Subjects 
used  the  right  hand  In  one  test  session  and  the  left  hand  in  the  other,  with 
hand  order  counterbalanced  across  subjects.  Within  each  hand  order  group, 
half  of  the  subjects  used  Response  Assignment  1  (RAl)  (index  finger  keypress 
for  “word",  middle  finger  keypress  for  "nonword"),  and  half  used  Response 
Assignment  2  (RA2),  the  reverse  of  RAl.  Within  each  of  these  groups,  half  of 
the  subjects  were  exposed  to  the  vertical  stimulus  orientation,  and  half  were 
exposed  to  the  horizontal  orientation. 

Within  each  test  session,  each  subject  was  presented  with  two  practice 
blocks  (32  trials  each)  and  four  test  blocks  (64  trials  each).  The  blocks 
were  composed  as  described  previously.  Although  the  stimuli  were  Identical 
for  the  two  test  sessions,  the  test  blocks  were  presented  In  a  different 

random  order  for  each  session. 

Procedure .  The  procedure  was  similar  to  that  used  in  the  previous 

experiments.  Each  trial  block  proceeded  as  follows.  A  small  fixation  plus 
appeared  in  the  center  of  the  screen.  The  subject  was  instructed  to  carefully 
fixate  on  the  plus,  and  when  fixated  to  press  both  response  keys  to  Initiate 
the  trial.  The  fixation  plus  remained  on,  but  500  msec  later  a  stimulus  Item 
appeared  for  130  msec  In  the  left  or  right  visual  field.  The  stimulus  was 
Immediately  followed  by  a  150  msec  mask.  The  mask  consisted  of  four  square 
patches,  one  overlaying  each  of  the  areas  In  which  a  stimulus  letter  had 

appeared.  Each  patch  looked  like  a  very  dense  array  of  fine,  bright  dots  and 
was  created  by  lighting  all  of  the  CRT  pixels  in  the  area  over  each  letter. 
The  fixation  plus  disappeared  with  the  offset  of  the  mask. 

The  subject's  task  was  to  judge  whether  each  Item  was  a  word  or  a 

nonword,  and  to  Indicate  the  decision  with  an  appropriate  keypress  using 
either  RAl  or  RA2  as  designated  by  Instruction.  Following  the  response, 
performance  feedback  (either  the  correct  reaction  time  or  the  word  "ERROR") 
appeared  for  one  second  in  the  center  of  the  screen  above  the  former  location 
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of  Che  plus.  The  plus  then  reappeared  signalling  Che  beginning  of  a  new 
trial. 

One  difference  from  the  previous  experiments  was  the  necessity  for 
additional  procedures  for  controlling  subject  error  rate.  Pilot  work  indi¬ 
cated  that  there  was  a  greater  frequency  of  high  error  rates  (exceeding  twenty 
percent)  Chan  had  occurred  in  previous  experiments.  Since  reaction  time  was 
Che  dependent  measure,  high  error  rates  are  problematic  because  they  Increase 
the  probability  of  speed-accuracy  tradeoffs  and  correct  guessing. 

During  pilot  testing,  stimulus  size,  form,  and  positioning  were  manipu¬ 
lated  to  optimize  perceptual  clarity.  Stimulus  duration  could  not,  however, 
be  Increased  without  decreasing  the  probability  of  obtaining  the  hemispheric 
projections  necessary  for  the  research.  It  is  worthwhile  to  note  that  re¬ 
sponse  confusion  (l.e.,  pressing  the  wrong  key)  was  reported  as  a  major  source 
of  error  as  it  had  been  in  earlier  studies. 

It  was  decided  to  control  error  rate  by  use  of  several  procedures. 
First,  in  the  initial  contact,  subjects  were  informed  that  their  eligibility 
for  the  second  teat  session  depended  on  having  a  sufficiently  low  error  rate. 
Second,  the  required  error  rate  was  relaxed  to  allow  up  to  twenty  percent 
errors.  This  rate  has,  in  fact,  been  reported  in  a  number  of  visual  half- 
field  studies  using  the  lexical  decision  task  (Day,  1979;  Bradshaw  &  Gates, 
1978).  After  each  test  block  subjects  were  encouraged  to  lower  their  error 
rate  if  it  had  exceeded  twenty  percent  for  that  block.  Third,  subjects  having 
average  error  rates  exceeding  twenty  percent  in  the  first  session  were  not 
asked  to  return  for  the  second  session.  The  data  from  omitted  subjects  was, 
however,  retained  for  a  separate  analysis. 

3.  Results 

Because  a  relatively  high  error  rate  had  been  allowed,  each  subject's 
data  were  carefully  scrutinized  for  a  possible  speed-accuracy  tradeoff.  This 
was  done  by  comparing  the  median  left  and  right  visual  field  reaction  time  for 
each  session,  and  determining  whether  the  performance  advantage  inferred  from 
this  vras  consistent  with  that  implied  by  comparison  of  average  percentage  of 
error  for  the  left  and  right  visual  field.  If  the  percentage  of  error  dif¬ 
fered  by  ten  percent  between  the  visual  fields  and  suggested  that  performance 
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was  better  in  the  visual  field  associated  with  the  slower  median  reaction 
time,  then  occurrence  of  a  speed-accuracy  tradeoff  was  inferred.  None  of  the 
subjects  met  this  criterion. 

For  each  subject  the  median  reaction  time  was  computed  for  each  stimulus 
type  (concrete  word,  abstract  word,  nonword)  by  visual  field  by  responding 
hand  condition,  collapsing  over  the  four  test  bloclcs.  The  corresponding 
average  percentage  of  error  was  also  calculated.  Individual  subject  data  are 
contained  in  Appendix  1.  Analyses  of  variance  (ANOVA)  were  done  on  median 
reaction  time  and  percentage  of  error  using  stimulus  type,  visual  field,  and 
responding  hand  as  withln-subjects  variables  and  presentation  orientation, 
response  assignment,  and  hand  order  as  between-subjects  variables. 

For  reaction  time  there  was  a  main  effect  of  hand  (F(l,24)  ■4.93,  p 
<  0.05),  with  the  left  hand  (844  msec)  being  faster  than  the  right  hand 
(941  msec).  This  effect  is  in  dramatic  contrast  with  the  tendency  in  all 
previous  experiments  for  the  right  hand  to  be  faster  than  the  left  and  will  be 
discussed  more  fully  later. 

There  were  also  main  effects  of  stimulus  type  (F(2,48)  ■  49.83,  p  <  0.01) 
and  of  visual  field  (F(l,24)  ■  29.74,  p  <  0.01).  Reaction  time  was  similar 
for  abstract  wards  (841  msec)  and  for  concrete  words  (823  msec),  but  was 
longer  for  nonwords  (1013  msec).  Reaction  time  was  faster  for  right  visual 
field  stimuli  (867  msec)  than  for  left  visual  field  stimuli  (918  msec). 

Of  greatest  interest  for  present  purposes  are  Interactions  involving  the 
factors  of  responding  hand  (H),  visual  field  (V),  stimulus  type  (T),  and 
Response  Assignment  (R).  There  was  a  significant  four-way  interaction  between 
these  factors  (RHTV,  F(2,48)  ■  4,57,  p.  <  0.05)  that  is  shown  in  Figure  15. 
An  additional  analysis  was  done  to  determine  the  reliability  of  the  visual 
field  simple  effects  Involved  in  this  interaction.  Asterisks  indicate 
significant  visual  field  simple  effects  in  Figure  15,  and  the  corresponding 
statistics  are  Included  in  Table  11.  There  is  a  tendency  for  rhe  right  visual 
field  advantage  to  be  most  reliable  for  the  abstract  word  condition,  but 
otherwise  there  is  no  dlscernable  pattern  of  interest  in  the  simple  effects. 

There  was  also  a  significant  four-way  interaction  between  responding 
hand,  visual  field,  stimulus  type,  and  hand  order  (F(2,48)  ■  5.11,  p  <  0.01). 
Asterisks  indicate  significant  visual  field  simple  effects  in  Figure  16  (see 


Figure  15 


1  150- 


1  100- 


RESPONSE  ASSIGNMENT  1 

ABSTRACT  CONCRETE 
WORD  WORD 


NONWORO 

(IS) 


1050- I  - 

- lift 

----  MIOMT  hand 

{  o«  vittfsl 

tl«td 

1000-*-  -  •  •  ^  AA  «« 

I  ««a<0-0S 

«  ;  _ T*  •  <  0  10 

:  I  — 

®  950-^ 


(1*5) 


(18) 


Ui 

a 


z 

o 

u 

< 

UI 

K 


900- 


S50->- 


(20) 

•9 


(13) 


800- 


750-^ 


- 1 - 1-  I  -  )  ■  H  -  I 

LPft  Right  L«(t  Right  Loft  Right 
VISUAL  PIELO 


i 


1  ISO- 


RESPONSE  ASSIGNMENT  2 
ABSTRACT  CONCRETE 
WORD  WORD 


1  100- 


1050—  )  tgFT  H<»lO 

'  HlGuT  M*NO 

'  Stontrtc«ne*  ol  *t«ua< 
liald  dillaranc* 


NONWORO 

( 1  t'k 


(12) 


1000- 

«  ■  I 

1  950- 

I 

UI 

a 


«  s  p  <  O.OS 
7  =  p  <  0,10 


z 

o 


900- 


850- 


ui 

a 


I 

soo- 

I 

750-1- 

t 


(IS) 


(12) 


(11) 


LpM  Right  L*(t  Right  Lott  Right 
VISUAL  PIELO 
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TABLE  11 


Experiment  17:  Reliability  of  Visual  Field  Simple 
Effects  in  Response  Assignment  by  Hand  by 
Stimulus  Type  by  Visual  Field  Interaction. 


Condition  Degree  of 


RA 

Hand 

Stimulus  Type 

F-value 

Freedom 

Probability 

1 

Left 

Concrete  Word 

6.09 

1.12 

<  0.05 

1 

Left 

Nonword 

4.91 

1.12 

<  0.05 

1 

Right 

Abstract  Word 

10.37 

1.12 

<  0.01 

2 

Left 

Abstract  Word 

27.05 

1.12 

<  0.01 

!  2 

Left 

Concrete  Word 

4.23 

1.12 

<  0.10 

2 

Right 

Abstract  Word 

7.05 

1,12 

<  0.05 

2 

Right 

Nonword 

13.83 

1.12 

<  0.01 
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Figure  16.  Experiment  17  Interaction  Between  Hand  Order,  Stimulus  Type, 
Visual  Field,  and  Responding  Hand.  Percentage  of  error  is 
in  parenthesis. 


Table  12  for  statistics).  The  right  visual  field  advantage  was  more  reliable 
In  the  hand  order  In  which  the  left  hand  went  first.  It  Is  notable  that  for 
right  hand  performance  during  the  first  session,  the  right  visual  field  advan¬ 
tage  was  significant  only  for  abstract  words,  while  for  left  hand  performance 
during  the  first  session,  the  right  visual  field  advantage  Is  highly  signifi¬ 
cant  for  both  concrete  words  and  nonwords,  and  approaches  significance  for 
abstract  words. 

Some  additional  attention  was  paid  to  Identifying  the  conditions  In  which 
the  previously  mentioned  overall  left  hand  advantage  occurred.  Figure  15 
suggests  that  the  left  hand  advantage  was  more  reliable  for  RA2  than  for 
RAl.  Indeed,  although  the  response  assignment  by  hand  Interaction  did  not 
approach  significance  (p  >  0.10),  13/16  subjects  using  RA2,  but  only  9/16 

using  RAl,  had  a  left  hand  advantage.  Figure  16  suggests  that  a  major  source 
of  the  overall  left  hand  advantage  was  the  relatively  slow  performance  by  the 
right  hand  when  used  during  the  first  session.  Among  subjects  using  their 
right  hand  first,  13/16  showed  a  right  hand  disadvantage,  while  only  9/16  of 
those  using  their  left  hand  during  the  first  session  showed  a  right  hand 
disadvantage.  An  additional  notable  feature  of  Figure  16  Is  that  when  first 
session  (i.e.,  unpracticed)  performance  by  the  left  and  right  hands  are  com¬ 
pared,  left-hand  reaction  time  Is  considerably  faster,  particularly  for  word 
items,  even  though  all  subjects  were  strongly  right-handed. 

There  were  a  number  of  Interactions  whose  significance  requires  that  they 
be  mentioned  even  though  they  are  much  less  theoretically  relevant.  These 
Interactions  Involved  the  between-subjects  variables  and  stimulus  type.  They 
are  listed  in  Table  13.  Table  14  shows  the  reaction  times  for  the  highest 
level  of  these  Interactions  (Presentation  Orientation  by  Response  Assignment 
by  Hand  Order  by  Stimulus  Type,  F(2,48)  ■  3.57,  p  <  0.05).  The  pattern  of  the 
lower  level  Interactions  can  be  deduced  from  this  one.  The  pattern  of  this 
Interaction  suggests  that  for  the  horizontal  orientation  and  RAl,  subjects 
were  faster  for  the  hand  order  in  which  the  right  hand  was  used  first,  with 
this  difference  being  greater  for  nonwords.  This  pattern  was  also  true  for 
the  vertical  orientation  and  RA2,  although  the  hand  order  differences  are 
somewhat  smaller. 

However,  for  the  horizontal  orientation  and  RA2,  subjects  were  faster 
when  the  left  hand  was  used  first,  and  this  difference  was  greater  for  words 
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TABLE  12 


Experiment  17:  Reliability  of  Visual  Field  Simple 
Effects  in  Hand  Order  by  Hand  by  Stimulus 
Type  by  Visual  Field  Interaction. 


Hand 

Order 

Hand 

Stimulus  Type 

F-value 

Degrees  of 
Freedom 

Probability 

Left  first 

Left 

Abstract  Word 

3.64 

1.12 

<  0.10 

Left  first 

Left 

Concrete  Word 

8.58 

1.12 

<  0.01 

Left  first 

Left 

Nonword 

8.68 

1.12 

<  0.01 

Left  first 

Right 

Abstract  Word 

8.81 

1.12 

<  0.01 

Left  first 

Right 

Concrete  Word 

7.14 

1.12 

<  0.02 

Right  first 

Left 

Abstract  Word 

7.12 

1.12 

<  0.02 

Right  first 

Right 

Abstract  Word 

8.64 

1.12 

<  0.01 

Right  first 

Right 

Nonword 

12.96 

1.12 

<  0.01 
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TABLE  13 


Experiment  17:  Significant  Interactions  Involving 
Presentation  Orientation  (p).  Response  Assignment  (R) , 
Hand  Order  (0),  and  Stimulus  Type  (T). 

Reaction  time  In  msec. 


Degrees  of 


Interaction 

F  Value 

Freedom 

Probability 

PT 

5.02 

2,48 

<  0.05 

PRO 

8.44 

1.24 

^  O.OI 

POT 

4.31 

2,48 

<  0.01 

PROT 

3.57 

2,48 

<  0.05 

TABLE  14 

Experiment  17:  Interaction  Between  Presentation  Orientation, 
Response  Assignment,  Hand  Order,  and  Stimulus  Type. 
Reaction  time  in  msec. 


Presentation  Orientati 

on  ♦ 

Horizontal 

Vertical 

Response  Assignment  * 

1 

2 

1 

2 

Stimulus  Type  ♦ 

Abs 

Con 

NW 

Abs 

Con 

W 

Abs 

Con 

NW 

Abs 

Con 

NW 

Hand  Order  4’ 

Left  first 

991 

934 

1191 

735 

706 

875 

700 

698 

833 

850 

826 

1104 

Right  first 

737 

749 

792 

1011 

988 

1061 

907 

887 

1252 

799 

799 

995 
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than  nonwords.  For  the  vertical  orientation  and  RAl,  subjects  were  also 
faster  when  the  left  hand  was  used  first,  but  this  effect  was  greatest  for 
nonwords . 

The  results  of  the  ANOVA  of  an  arcsine  transformation  of  percentage  of 
error  Indicated  main  effects  of  stimulus  type  (F(2,48)  ■  14.75,  p  <  0.01)  and 
visual  field  (F(l,24)  -  17.17,  p  <  0.01).  Percentage  of  error  was  less  for 
concrete  words  (10.9)  than  for  abstract  words  (15.2)  or  nonwords  (14.9). 
Percentage  of  error  was  also  less  for  the  right  visual  field  (11.2)  than  for 
the  left  visual  field  (16.1). 

There  was  a  significant  hand  by  hand  order  interaction  (F(l,24)  ■  10.84, 
p  <  0.01).  Percentage  of  error  did  not  vary  for  the  left  hand  as  a  function 
of  use  during  the  first  session  (13.8)  or  the  second  session  (13.8).  However, 
the  right  hand  percentage  of  error  was  less  when  used  during  the  second 
session  (11.9)  than  the  first  (15.4). 

There  were  also  significant  interactions  between  stimulus  orientation  and 
visual  field  (F(l,24)  -  13.75,  p  <  0.01)  and  between  these  two  factors  and 
stimulus  type  (F(2,48)  ■  4.19,  p  <  0.05).  The  error  rates  corresponding  to 
the  latter  interaction  are  shown  in  Table  15.  In  general,  there  was  a  greater 
difference  between  the  visual  field  error  rates  for  the  horizontal 
orientation,  but  this  was  especially  true  for  abstract  words. 

There  were  significant  interactions  between  presentation  orientation, 
stimulus  type,  and  hand  (F(2,48)  *  3.14,  p  <  .05)  and  between  these  factors 
and  response  assignment  and  hand  order  (F(2,48)  -  3.63,  p  <  .05).  The 
percentage  of  error  corresponding  to  the  latter  interaction  is  shown  in  Table 
16.  Interactions  Involving  the  hand  factor  are  of  some  interest  because  they 
suggest  whether  a  speed-accuracy  tradeoff  might  be  contributing  to  the  overall 
left  hand  reaction  time  advantage.  There  was  no  difference  between  overall 
left  hand  and  right  hand  error  rates,  which  were  both  13.7  percent.  If  a 
percentage  of  error  difference  exceeding  two  percent  is  used  as  the  criterion, 

comparison  of  left  and  right  hand  error  performance  for  the  conditions  in 

Table  16  indicates  that  left  hand  error  rate  was  higher  for  seven  of  the 

comparisons,  right  hand  error  rate  was  higher  for  six  comparisons,  and  the 

hand  difference  error  rate  was  less  than  two  percent  for  eleven  comparisons. 
This  supports  the  idea  that  left  and  right  hand  error  rates  were  not 
different,  and  that  there  was  not  a  speed-accuracy  tradeoff. 
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TABLE  15 


Experiment  17;  Error  Smces  Correeponding  to  the  Presentation 
Orientation  by  Visual  Field  by  Stimulus  ^pe  Interaction. 


Stimulus  Type  T 
Visual  Field  T 
Presentation  Orientation  L 
Horizontal 
Vertical 


Abstract 


Concrete 


Non word 


Left 

Right 

Left 

Right 

Left 

Right 

21.8 

8.7 

15.7 

7.3 

19.0 

13.1 

14.8 

15.3 

10.8 

9.9 

14.7 

12.8 

I 

I 

I 

I 


TABLE  16 

Experiment  17:  Error  Rates  Corresponding  to  the  Interaction  Between 
Presentation  Orientation,  Stimulus  lype,  Hand, 

Response  Assignment,  and  Hand  Order. 


Presentation 

Orientation 

T 

Horizontal 

Vertical 

1 

Response  Assignment  T 

1 

2 

1 

2 

Stimulus  Type 

T 

Ab 

Con 

NW 

Ab 

Con 

NW 

Ab 

Con 

NW 

Ab 

Con 

NW  j 

Hand  Order  L 

Hand  L 

Left  First 

Left 

12.9 

13.3 

17.6 

10.2 

9.4 

21.7 

19.6 

10.2 

13.5 

12.9 

10.6 

13.5 

Right 

15.0 

10.2 

14.8 

15.6 

9.4 

14.8 

14.5 

8.6 

8.0 

11.7 

5.5 

14.8 

Right  First 

Left 

19.9 

17.6 

18.0 

13.3 

10.6 

7.4 

16.4 

10.2 

10.7 

12.5 

11.7 

14. 7( 
1 

Right 

20.7 

12.9 

19.7 

14.5 

9.0 

14.3 

17.2 

16.4 

20.5 

16.0 

9.8 

14.5' 
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There  was  also  a  significant  interaction  between  hand,  hand  order,  visual 
field,  and  stimulus  type  (F(2,48)  *  4.29,  p  <  0.05).  The  error  rates 
corresponding  to  this  Interaction  are  shown  in  Figure  16.  The  pattern  of  the 
interaction  is  not  meaningful  for  the  present  purposes,  except  that  it  does 
suggest  that  a  speed-accuracy  tradeoff  cannot  account  for  the  left  hand 
reaction  time  advantage. 

Analysis  of  Omitted  Subjects.  One  problematic  feature  of  use  of  the 
lexical  decision  task  was  the  tendency  for  subject  error  rates  to  be 
relatively  high.  The  criterion  for  discontinuing  testing  of  a  given  subject 
was  described  earlier.  Using  this  criterion,  eighteen  subjects  were 
omitted.  The  individual  subject  data  are  included  in  Appendix  J. 

The  frequency  of  omitted  subjects  in  each  treatment  group  is  shown  in 
Table  17.  One  notable  feature  of  these  data  is  the  tendency  for  more  subjects 
who  used  their  right  hand  to  be  omitted.  This  is  consistent  with  the  idea 
that  right  hand  responses  were  more  difficult,  a  tendency  suggested  by  the 
slower  right  hand  reaction  time  for  non-omltted  subjects.  Second,  there  is  a 
tendency  for  subjects  using  Response  Assignment  2  (word  ■  middle  finger 

keypress,  nonword  ■  index  finger  keypress)  to  be  omitted  more  frequently. 
Inspection  of  Appendix  J  indicates  that  RA2  was  associated  with  longer 
reaction  time.  This  is  consistent  with  the  idea  that  RA2  is  more  difficult 
than  RAl ,  a  tendency  seen  in  the  reaction  time  data  of  earlier  experiments, 
although  not  in  the  analysis  of  Experiment  17  subjects  having  error  rates 
below  twenty  percent. 

Table  18  shows  the  means  of  the  median  reaction  times  for  omitted 
subjects  for  each  visual  field  by  responding  hand  by  stimulus  type 
condition.  The  twelve  subjects  who  used  their  right  hand  tended  to  have 
faster  reaction  times  than  the  six  who  used  their  left  hand,  although  the 
error  rates  are  similar.  This  is  a  trend  that  is  opposite  from  that  seen 
among  non-omitted  subjects.  Omitted  and  non-omltted  subjects  are  similar, 
however,  in  that  performance  is  more  efficient  for  right  visual  field 
stimuli.  T-tests  were  done  comparing  visual  field  reaction  times  for  all 

omitted  subjects.  There  was  a  significant  right  visual  field  advantage  for 

abstract  words  (t(17)  ■  3.53,  p  <  0.01)  and  for  nonwords  (t(17)  «•  3.16,  p  < 

0.01).  The  difference  was  not  significant  for  concrete  words. 
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TABLE  17 


Experiment  17:  Frequency  of  Omitted  Subjects 
in  Each  Between-Subjects  Condition. 

Responding  Hand 


Response  Assignment 

Presentation 

Left 

Right 

Total 

1 

Horizontal 

0 

3 

6 

Vertical 

1 

2 

2 

Horizontal 

4 

1 

12 

Vertical 

1 

6 

Total  » 

6 

12 

TABLE  18 

Experiment  17:  Means 

for 

Omitted  Subjects. 

Stimulus 

Type  -► 

Abstract 

Concrete 

Nonword 

Visual  Field  -► 

LVF  RVF 

LVF  RVF 

LVF 

RVF 

Measure 

♦ 

RT 

ZErr  RT  ZErr 

RT 

ZErr  RT  ZErr 

RT  ZErr 

RT  ZErr 

Hand 

Left 

(N-6) 

1205 

39  1070  21  1 

114 

36  1086  18 

1426  30 

1297  27 

Right 

(N»12) 

885 

31  810  24 

858 

29  790  21 

1085  32 

1010  24 

84 


A.  Discussion 


The  purpose  of  Experiment  17  was  to  examine  whether  the  effects  of 
Intrahemispheric  interference  could  be  observed  in  performance  of  a  task  for 
which  the  left  hemisphere  is  specialized.  The  three  findings  most  relevant  to 
this  issue  are  first,  the  presence  of  an  overall  right  visual  field  advantage, 
second,  the  absence  of  an  Interaction  between  responding  hand  and  visual  field 
and  third,  the  presence  of  an  overall  left  hand  reaction  time  advantage. 

The  highly  reliable  right  visual  field  advantage  is  consistent  with  the 
idea  that  the  left  hemisphere  of  right-handed  Individuals  is  more  efficient  at 
linguistic  processing  such  as  that  required  by  the  lexical  decision  task. 
This  finding  is  Important  for  validating  the  operationalization  of  the  lexical 
decision  task  used  in  Experiment  17  as  one  for  which  the  left  hemisphere  is 
specialized. 

In  previous  experiments,  the  presence  of  intrahemispheric  Interference 
has  been  inferred  by  a  responding  hand  by  visual  field  interaction  such  that 
response  is  slower  when  the  stimulus  is  projected  to  the  hemisphere  control¬ 
ling  Che  response.  Either  an  advantage  for  the  visual  field  contralateral  to 
the  responding  hand,  or  a  reduction  in  the  right  visual  field  advantage  when 
the  right  hand  was  used,  would  be  consistent  with  this  type  of  interaction. 
Neither  of  these  was,  however,  observed  in  Experiment  17.  Response  was 
consistently  faster  for  right  visual  field  stimuli,  regardless  of  responding 
hand.  In  other  words,  the  advantage  of  the  left  hemisphere  over  the  right  for 
stimulus  processing  did  not  vary  as  a  function  of  whether  the  left  hemisphere 
did  or  did  not  direct  the  response.  Thus,  the  type  of  evidence  used  to  infer 
Intrahemispheric  interference  in  previous  experiments  is  not  present  in 
Experiment  17. 

Of  great  relevance,  however,  to  the  issue  of  whether  performance  of  a 
left  hemisphere  task  is  affected  by  intrahemispheric  interference  is  the 
presence  of  a  left  hand  advantage.  The  advantage  of  the  left  hand  over  the 
right  could  occur  because  the  left  hemisphere  is  more  occupied  by  lexical 
decision-making,  and  thus  is  less  efficient  at  directing  the  response,  and, 
the  rfght  hemisphere,  which  directs  the  left  hand,  is  relatively  unoccupied 
with  lexical  decision-making,  thus  allowing  it  to  be  more  efficient  at  direct¬ 
ing  the  response.  In  other  words,  one  interpretation  of  the  left  hand 
advantage  is  that  it  reflects  effects  of  intrahemispheric  interference. 
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although  in  a  way  different  from  that  in  previous  experiments. 

Several  aspects  of  the  data  support  this  idea.  One  supportive  pattern  is 
the  tendency  in  earlier  experiments  for  there  to  be  a  right  hand  advantage,  if 
a  reliable  hand  advantage  occurred  (e.g.,  as  in  Experiments  13A,  15A,  and 
16).  These  experiments  involved  the  physical  identity  letter  matching  task 
for  which  a  left  visual  field-right  hemisphere  advantage  has  been  reported 
(Cohen,  1972;  Geffen,  Bradshaw,  &  Wallace,  1971).  The  left  visual  field 
advantage  was  not  replicated  in  the  present  experiments.  However,  the 
tendency  toward  a  right  hand  advantage  could  reflect  the  fact  that  the  right 
hemisphere  was,  in  fact,  more  involved  than  the  left  hemisphere  in  the  letter¬ 
matching  processing,  thus  reducing  right  hemisphere  efficiency  at  directing 
response  making.  This  would  result  in  left  hand  response  being  slower  than 
right  hand  response. 

Thus,  there  tends  to  be  a  left  hemisphere- right  hand  advantage  in  condi¬ 
tions  perhaps  more  dependent  on  right  hemisphere  stimulus  processing,  but  a 
right  hemisphere-left  hand  advantage  in  performance  of  a  task  heavily  depend¬ 
ent  on  the  left  hemisphere  for  stimulus  processing.  Both  of  these  patterns 
are  consistent  with  the  idea  that  there  is  interference  with  response  making 
within  the  hemisphere  more  involved  with  stimulus  processing  and  decision¬ 
making  . 

Also  consistent  with  the  idea  that  the  left  hand  advantage  is  related  to 
intrahemlspheric  Interference  are  some  hints  in  the  data  that  the  left  hand 
advantage  was  more  pronounced  in  more  difficult  conditions.  The  left  hand 
advantage  is  more  pronounced  for  first  test  session  performance,  when  subjects 
were  relatively  less  practiced  at  the  task.  Also,  the  left  hand  advantage  is 
more  pronounced  for  subjects  using  Response  Assignment  2,  which  may  be  more 
difficult  than  Response  Assignment  1.  Although  no  overall  difference  between 
response  assignment  conditions  was  observed  in  Experiment  17,  the  fact  that 
more  omitted  subjects  used  Response  Assignment  2,  and  the  results  of  previous 
experiments,  suggest  that  this  condition  is  more  difficult. 

Thus,  although  the  evidence  is  of  a  type  different  from  that  in  earlier 
experiments,  the  results  of  Experiment  17  indicate  that  interference  between 
stimulus  and  response  processing  activities  associated  with  the  same  hemi¬ 
sphere  can  reduce  the  efficiency  of  performance  of  a  task  heavily  dependent  on 
left  hemisphere  capabilities.  The  results  extend  the  range  of  tasks  whose 
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performance  efficiency  may  be  affected  by  Intrahemlspherlc  Interference, 
Furthermore,  the  results  indicate  that  intrahemlspherlc  Interference  may 
result  in  left  hand  performance  being  more  efficient  that  right  hand 
performance,  even  for  strongly  right-handed  individuals.  This  idea  will 
receive  further  discussion. 

Of  less  relevance  to  the  issue  of  intrahemlspherlc  interference,  but  of 
some  general  Interest  are  results  related  to  effects  of  stimulus  orientation 
and  stimulus  type.  Stimulus  orientation,  either  horizontal  or  vertical,  had 
no  effect  on  the  magnitude  of  the  right  visual  field  advantage.  The  fact  that 
this  advantage  was  not  greater  for  the  horizontal  orientation  argues  against 
the  idea  that  lef t-to-rlght  scanning  biases  may  be  responsible  for  a  right 
visual  advantage  when  the  stimulus  orientation  is  horizontal  (Bryden,  1982). 
If  such  scanning  biases  were  operative,  then  the  right  visual  field  advantage 
should  have  been  larger  for  the  horizontal  orientation  since  both  scanning 
bias  and  hemispheric  specialization  favored  the  right  visual  field.  The 
results  suggest  that  either  orientation  can  be  used  in  visual  half-field 
studies  of  hemispheric  capabilities  as  long  as  sufficient  attention  is  paid  to 
insuring  that  subjects  are  centrally  fixated.  The  vertical  orientation  may, 
however,  be  preferred  because  it  allows  the  stimulus  to  be  presented  in 
retinal  areas  of  greater  peripheral  acuity. 

Also  of  note  was  the  reliability  of  the  left  hemisphere-right  visual 
field  advantage  across  all  three  stimulus  types.  Although  the  right  visual 
field  advantage  was  larger  for  abstract  words  (72  msec  right  visual  field 
advantage)  than  for  concrete  words  (43  msec)  or  nonwords  (38  msec),  there  was 
no  significant  variation  between  these.  The  right  visual  field  advantage  for 
nonwords  in  the  lexical  decision  task  is  consistent  with  other  studies 
involving  right-handed  subjects  (Bradshaw,  Gates,  &  Nettleton,  1977;  Bradshaw 
&  Gates,  1978)  and  testifies  to  the  heavy  involvement  of  the  left  hemisphere 
in  this  task.  It  is  interesting  to  note  that  in  a  study  which  Included  both 
right-  and  left-handed  subjects  (Leiber,  1976),  a  right  visual  field  advantage 
was  observed  for  words,  but  not  nonwords.  This  suggests  less  consistent  left 
hemisphere  Involvement  for  this  sample.  This  may  reflect  mainly  the  perfor¬ 
mance  of  the  left-handers,  for  whom  there  is  evidence  of  reduced  language 
lateralization  (Herron,  1980).  Leiber  (1976),  however,  does  not  separately 
analyze  the  performance  of  the  two  handedness  groups. 
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The  consistency  of  the  right  visual  field  advantage  for  both  concrete  and 
abstract  words  questions  the  assertion  that  although  the  left  hemisphere  is 
superior  in  recognizing  abstract  words,  the  hemispheres  are  equally  efficient 
in  recognizing  concrete  nouns  (Day,  1977).  The  present  results  are  consistent 
with  other  results  (Bradshaw  &  Gates,  1978)  suggesting  that  the  left  hemi¬ 
sphere  is  superior  for  recognition  of  either  word  type. 

In  conclusion,  the  results  of  Experiment  17  provide  additional  evidence 
of  left  hemisphere  specialization  for  lexical  decision  making.  More  impor¬ 
tantly  for  present  purposes,  the  results  Indicate  that  such  processing  can 
interfere  with  response-making  directed  by  the  left  hemisphere  such  that 
response  is  more  efficient  when  directed  by  the  less  occupied  right  hemi¬ 
sphere.  This  results  in  an  advantage  for  left-hand  performance  by  right- 
handed  subjects. 

I.  Su—iiry 

The  conclusions  regarding  Experiments  13  through  17  are  summarized  here, 
with  more  detailed  discussion  of  the  theoretical  and  applied  implications  con¬ 
tained  in  Section  VI.  Experiments  13  through  17  are  important  in  a  variety  of 
respects.  First  of  all.  Experiments  13,  15,  and  16  establish  the  reliability 
of  the  effect  of  response  assignment  on  performance.  The  subtle  variation  in 
response  assignment  used  in  the  research  was  not  anticipated  to  cause  sig¬ 
nificant  variation  in  the  patterns  of  performance,  yet  the  results  clearly 
indicate  that  such  variation  can  occur.  Whether  such  variation  occurs  appears 
to  be  task-specific.  The  results  suggest  that  both  of  the  observed  effects 
associated  with  the  two  response  assignments  are  likely  to  be  related  to  brain 
hemisphere  functioning,  rather  than  to  stimulus-response  compatibility 
effects. 

Given  the  effect  of  response  assignment  it  was  important  to  determine 
that  the  elimination  of  Intraheralspherlc  Interference  observed  in  the  earlier 
go-no  go  studies  %ras  not  associated  only  with  a  particular  response  assign¬ 
ment.  The  results  of  Experiment  14  Indicate  that  evidence  of  Interference  is 
reliably  eliminated  when  the  go-no  go  response  is  used,  regardless  of  response 
assignment.  This  lends  additional  support  to  the  idea  that  the  occurrence  of 
iuCrahemlspheric  Interference  is  related  to  the  level  of  response  processing 
demand . 


88 


Finally,  Experiment  17  extends  the  generallzablllty  of  Interference 
effects  across  tasks.  Indicating  that  such  effects  Impact  performance  of  a 
linguistic  task  for  which  the  left  hemisphere  is  specialized.  The  results 
Indicate,  however,  that  the  impact  upon  performance  can  vary  in  form,  causing 
visual  field  differences  in  some  tasks  (e.g.,  letter-shape  matching)  and  hand 
differences  In  other  tasks  (e.g.,  lexical  declslon-maklng) .  A  particularly 
Important  finding  was  that  Interference  can  cause  right-handed  subjects  to  be 
more  efficient  with  left  hand,  rather  than  right  hand,  response.  The  implica¬ 
tions  of  this  will  receive  further  discussion. 
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SECTION  V 

ANALYSIS  OF  IMDIVIDOAL  DIFFERENCES 


A»  Introduction 

Of  considerable  interest  In  the  research  has  been  the  nature  and  effect 
of  individual  differences  upon  performance.  These  issues  have  become  of 
Increasing  concern  because  of  1)  observation  of  between-individual  variation 
even  for  performance  of  relatively  simple  tasks  such  as  those  used  in  the  pre¬ 
sent  research,  and  2)  increasing  evidence  in  the  literature  that  there  are 
individual  differences  in  brain  organization  which  are  associated  with  sig¬ 
nificant  differences  in  the  quality  of  performance.  More  specifically,  there 
is  evidence  that  the  degree  to  which  language-related  functions  are 
laterallzed  in  the  left  hemisphere  can  affect  the  quality  of  language-related 
processing  and  the  level  of  vulnerability  to  intrahemlspheric  Interference. 
Several  studies  have  suggested  that  individuals  who  have  more  bilateral 
representation  of  language  functions  may  be  more  vulnerable  to  effects  of 
intrahemlspheric  interference  (Keister,  1984;  Sussman,  1982).  Since  the 
frequency  of  bilaterally-represented  language  is  greater  among  left-handers 
(Herron,  1980),  one  might  predict  a  greater  frequency  or  magnitude  of 
interference  among  those  who  tend  to  be  less  right-handed. 

Analysis  of  individual  differences  focused  on  data  collected  in 
Experiments  13  and  17.  Both  of  these  studies  had  similar  response  conditions, 
each  involving  a  centrally-located,  two-choice  response  using  either  Response 
Assignment  1  or  2.  The  two  studies  differed  in  stimulus  processing  demands. 
Experiment  13  requiring  letter-shape  matching  and  Experiment  17  requiring 
lexical  decision-making.  Of  Interest  was  whether  the  nature  of  the  individual 
differences  varied  with  differing  stimulus  processing  demands. 

The  analysis  of  each  experiment  addressed  three  questions.  First,  do 
Individuals  differ  in  whether  their  performance  is  reliably  affected  by  Intra- 
hemispheric  Interference?  This  question  was  addressed  by  examining  for 
individuals,  the  reliability  of  the  differences  used  to  infer  interference 
effects.  The  second  question  was,  is  the  magnitude  of  interference  related  to 
other  subject  characteristics?  As  was  mentioned  earlier,  there  is  some 
evidence  that  degree  of  right-handedness  may  be  related  to  the  degree  of 
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interference,  with  greater  interference  for  less  right-handed  subjects.  If 
so,  there  should  be  a  negative  correlation  between  the  handedness  score  and 
the  degree  of  interference.  It  should  be  recognized,  however,  that  the  pre¬ 
sent  data  cannot  provide  a  strong  test  of  this  relationship,  given  the  strong 
right-handedness  of  all  the  subjects. 

The  relationship  between  magnitude  of  interference  and  overall 
performance  speed  was  also  examined.  Of  particular  interest  was  whether  the 
slowest  subjects  also  showed  the  greatest  Interference. 

The  final  question  was,  in  a  given  task,  are  the  different,  possible 
indices  of  intrahemlspheric  Interference  related?  Although  the  measures  most 
strongly  reflecting  Interference  were  different  for  the  letter-shape  matching 
and  lexical  decision-making  tasks,  the  relationship  of  the  value  of  the 
nonsignificant  measure  to  the  significant  one  is  of  Interest.  On  the  one 
hand,  one  might  predict  a  negative  relationship,  If  It  Is  hypothesized  that 
Interference  is  manifested  In  specific  effects.  For  example,  if  Interference 
Influences  one  aspect  of  performance  (e.g.,  visual  field  differences),  it 
might  not  affect  another  (e.g.,  hand  differences).  The  data  tend,  in  general, 
to  support  this  Idea.  On  the  other  hand,  a  positive  relationship  is  possible 
if  interference  has  strong  specific  effects,  but  also  more  generalized  effects 
on  performance.  For  example.  Interference  within  a  given  task  might  be  most 
strongly  reflected  in  visual  field  differences,  but  also  in  a  tendency  for 
there  to  be  hand  differences.  The  discussion  of  Experiment  17  indicated  that, 
when  considering  group  data,  this  tends  to  be  true  for  the  letter-shape 
matching  tasks.  There  are  visual  field  differences  indicative  of  interfer¬ 
ence,  but  also  a  tendency  toward  a  right  hand  advantage. 

B«  Analysis  of  Experiment  13A 

Table  19  indicates  the  data  that  were  considered  in  the  analysis.  To 
compute  the  measures  of  interference  magnitude,  data  were  included  only  for 
subjects  using  Response  Assignment  1  and  for  mismatch  responses,  conditions 
which  are  most  reliably  associated  with  intrahemlspheric  interference. 
However,  to  compute  overall  reaction  time  all  Response  Assignment  1  data  were 
included,  including  center  visual  field  data  and  match  data. 

To  address  the  question  concerning  whether  there  are  individual  differ¬ 
ences  in  the  reliability  of  the  interference  effect,  significance  tests  were 
performed  on  the  differences  between  left  and  right  visual  field  reaction 
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times  for  each  hand.  Table  19  Indicates  the  magnitude  of  chose  differences 
(based  on  medians)  for  each  subject,  with  positive  values  Indicating  a 
difference  favoring  the  visual  field  contralateral  to  the  responding  hand, 
which  Is  consistent  with  Intrahemlspherlc  Interference.  It  should  be  noted 
that  the  majority  of  the  values  are  positive,  tihlch  Is  consistent  with  the 
significant  hand  by  visual  field  Interaction  In  this  experiment. 

It  was  somewhat  difficult  to  determine  the  best  appioach  for  doing  the 
significance  tests.  There  have  been  some  attempts  to  develop  significance 
tests  for  Individual  subject  data,  but  these  have  applied  mainly  to  accuracy 
data  rather  than  to  reaction  time  data.  The  approach  selected  In  the  present 
case  was  Co  perform  t-cests  comparing  left  and  right  visual  field  reaction 
times. 

Although  visual  field  was  a  wlthln-subjects  factor,  it  was  not  possible 
to  perform  a  dependent  mean  t-test  because  Incorrect  trials  made  unequal  the 
number  of  trials  for  each  visual  field  condition.  Dependent  mean  t-tests 
generally  require  equal  data  point  frequencies  for  the  conditions  bring  com¬ 
pared.  It  was  therefore  decided  Co  do  a  t-tesC  for  Independent  means.  Use  of 
this  test  provided  a  very  conservative  test  of  the  reliability  of  the  mean 
differences,  since  covariance  between  conditions  could  not  be  subtracted.  To 
counterbalance  this  conservatism,  differences  likely  to  occur  less  chan  ten 
percent  of  the  time  by  chance  alone  were  considered  somewhat  reliable  and  of 
Interest. 

The  visual  field  differences  Chat  were  found  to  be  reliable  are  indicated 
in  Table  19.  The  majority  of  the  subjects  (10/12)  show  a  reliable  difference 
(p  <  0.10)  for  response  by  at  least  one  of  their  hands.  However,  for  most  of 
the  subjects  for  whom  there  Is  reliable  interference,  it  affects  responses  by 
only  one  of  their  hands;  of  the  nine  subjects  who  showed  reliable  interfer¬ 
ence,  four  showed  Interference  only  with  the  use  of  the  left  hand,  three 
showed  Interference  only  with  use  of  the  right  hand,  and  two  showed  reliable 
Interference  for  both  hands.  It  Is  interesting  that,  for  a  right-handed 
sample.  Interference  is  likely  to  affect  performance  of  one  hand,  i^ich  can  be 
either  the  right  or  left,  but  less  often  performance  of  both. 

As  indicated  in  Table  19,  two  subjects  showed  evidence  chat  performance 
was  reliably  faster  for  the  visual  field  Ipsllateral  to  the  responding  hand. 
It  is  Interesting  that  both  of  these  subjects  showed  this  pattern  when  using 


their  right  hand,  and  that  It  did  not  generalize  to  affecting  left  hand  per¬ 
formance.  All  of  the  left  hand  differences  that  were  reliable  were  consistent 
with  effects  of  in traheml spheric  interference. 

Thus,  the  individual  differences  revealed  by  this  analysis  are  mainly 
related  to  whether  interference  will  affect  performance  when  the  right  or  the 
left  hand  is  used.  It  is  Interesting  to  note  that  the  subjects  who  showed 
interference  when  the  left  hand  was  used  tended  to  have  relatively  high  right- 
handedness  scores.  Subjects  who  showed  Interference  during  right  hand  per¬ 
formance  showed  a  greater  range  of  handedness  scores. 

The  second  question  of  Interest  concerned  whether  the  magnitude  of  the 
Interference  was  related  to  subject  characteristics  such  as  overall  reaction 
time  or  degree  of  right-handedness.  The  previous  discussion  indicates  there 
was  some  tendency  for  subjects  having  high  handedness  scores  to  be  the  ones 
who  showed  reliable  interference  when  using  the  left  hand.  To  further  examine 
the  relationship  between  interference  magnitude  and  handedness,  an  interfer¬ 
ence  score  was  computed  for  each  subject  by  summing  the  interference  magni¬ 
tudes  for  the  left  and  right  hand.  Using  the  Pearson  Product -Moment 
Correlation,  the  correlation  was  computed  between  the  total  interference 
scores  and  the  handedness  scores.  The  correlation  coefficient  was  0.12. 

A  significant  negative  correlation  would  support  the  idea  that  less 
right-handed  individuals  are  more  vulnerable  to  interference.  The  computed 
correlation  obviously  does  not  support  this  hypothesis.  However,  this  is  not 
unexpected  since  the  present  sample  includes  only  right-handed  subjects.  A 
stronger  test  would  be  provided  by  data  from  a  sample  including  a  wider  range 
of  handedness  scores,  particularly  those  of  left-handed  subjects. 

A  correlation  was  also  computed  between  total  interference  scores  and  the 
overall  reaction  times.  The  correlation  coefficient  was  0.41,  which  was  not 
significant.  Thus,  there  appears  to  be  little  relationship  between  overall 
performance  speed  and  Interference  magnitude. 

The  third  question  concerned  whether  different  possible  indices  of 
Intrahemi spheric  interference  were  related.  Of  interest  here  was  whether 
there  was  a  relationship  between  the  Interference  score  based  on  visual  field 
differences,  the  primary  evidence  of  Interference  in  Experiment  13A,  and  the 
interference  score  based  on  overall  hand  reaction  time  differences.  This 


latter  type  of  score  was  the  primary  evidence  of  Interference  In  the  lexical 
decision  task.  Discussion  of  Experiment  17  suggested  that  the  tendency  toward 
a  right  hand-left  hemisphere  response  advantage  Is  consistent  with  Intraheml- 
spherlc  Interference  In  letter-shape  matching  tasks,  which  have  been  described 
as  being  more  heavily  dependent  on  the  right  hemisphere  for  stimulus  process¬ 
ing. 

To  examine  the  relationship  between  the  two  measures,  the  overall  left 
and  right  hand  reaction  times  were  compared,  and  the  right  hand  advantage 
computed  (see  Table  19).  The  correlation  between  the  Interference  scores 
based  on  visual  field  differences  and  those  representing  the  right  hand 
advantage  was  0.04. 

The  absence  of  a  correlation  between  measures  suggests  that  in  the 
letter-shape  matching  task,  the  effects  of  Intrahemlspherlc  Interference  upon 
the  performance  of  an  Individual  subject  may  be  relatively  specific.  For  a 
given  Individual,  such  effects  may  be  manifested  either  In  a  visual  field 
advantage  or  In  a  responding  hand  advantage,  but  not  usually  in  both.  The 
fact  that,  in  general,  visual  field  effects  rather  than  hand  differences  tend 
to  be  significant  in  overall  analyses  Indicates  that  intrahemlspherlc 
Interference  Is  more  likely  to  affect  visual  field  differences  In  letter-shape 
matching  tasks. 

In  summary,  the  analysis  of  Experiment  13A  indicates  the  following. 
First,  there  is  variation  between  Individuals  in  the  nature  and  reliability  of 
effects  of  intrahemi spheric  interference.  While,  in  the  present  sample,  most 
of  the  Individuals  showed  effects  of  Interference  upon  visual  field  differ¬ 
ences,  such  effects  generally  occurred  for  a  given  subject  during  either  left 
or  right  hand  responding,  but  not  during  both.  Also,  while  Interference  was 
manifested  for  most  subjects  In  terms  of  visual  field  differences,  there  were 
some  subjects  for  whom  Interference  appeared  to  more  strongly  affect  overall 
hand  reaction  time  differences. 

Second,  there  is  little  evidence  of  a  relationship  between  interference 
magnitude  and  handedness  score  or  overall  speed  of  performance.  Examination 
of  these  relationships  was,  however,  limited  by  the  uniformity  in  handedness 
scores  and  the  small  sample  size. 

Finally,  there  appears  to  be  little  relationship  between  the  two  indi- 
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cators  of  Interference.  There  is  some  evidence  that,  for  a  given  subject, 
Interference  causes  visual  field  differences  or  hand  differences,  but  not 
both. 

C.  Analysis  of  Experiment  17 

Table  20  indicates  the  data  that  were  considered  in  the  analysis. 
Subjects  are  ordered  by  handedness  score,  ranging  from  high  to  low.  The 
measure  of  intrahemlspherlc  Interference  for  each  subject  is  the  reaction  time 
advantage  of  the  left  hand  over  the  right.  Since  this  advantage  did  not  vary 
with  response  assignment  or  stimulus  type,  all  of  the  data  vere  included  in 
computing  the  left  and  right  hand  reaction  time,  and  the  overall  reaction 
time. 

To  address  the  question  of  whether  there  are  individual  differences  in 
the  reliability  of  the  Interference,  tests  were  performed  comparing  the  left 
and  right  hand  reaction  times,  using  the  approach  described  earlier.  Of  the 
thirty-two  subjects  in  Experiment  17,  twenty-two  showed  a  reliable  hand 
advantage.  Of  these,  fourteen  Individuals  showed  a  reliable  left  hand 
advantage,  consistent  with  the  overall  group  pattern,  but  eight  individuals 
showed  a  reliable  right  hand  advantage. 

An  important  question  is  whether  this  variation  reflects  true  individual 
differences  or  effects  due  to  different  individuals  having  different  hand 
orders.  Table  21  indicates  the  frequency  of  subjects  who  showed  a  reliable 
left  or  right  hand  advantage  or  no  advantage  ijT  each  hand  order  condition. 
One  point  to  note  is  that  within  either  hand  order  condition  there  is  a 
tendency  for  there  to  be  a  greater  frequency  of  reliable  hand  advantages 
favoring  the  second  hand  used.  For  example,  for  the  left  hand  first  order, 
there  is  a  greater  frequency  of  reliable  right  than  left  hand  advantages, 
meaning  the  right  hand  was  faster.  This  makes  sense  in  that  the  right 
(second)  hand  benefits  from  practice  in  doing  the  task. 

A  more  Important  point,  however,  is  that  within  each  hand  order  there 
still  exist  Individual  differences.  Within  each  hand  order  five  (about  one- 
third)  of  the  subjects  did  not  show  a  reliable  hand  advantage  (i.e.,  they 
showed  no  reliable  evidence  of  Interference).  Within  each  group  there  is  also 
at  least  one  subject  whose  reaction  time  favored  the  hand  used  first.  Of 
special  note  is  the  fact  that  for  the  group  who  used  the  left  hand  first,  four 
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TABLE  20 


Experiment  17:  Data  Relevant  to  Individual  Differences. 
Reaction  time  (msec)  is  based  on  median. 


Handedness 

Overall 

L  Hand 

R  Hand 

bject 

Score^ 

RT^ 

RT^ 

RT 

R  -  L 

12 

59 

1388 

1356 

1419 

64* 

25 

57 

686 

726 

647 

79* 

15 

56 

880 

1020 

741 

279* 

18 

55 

1068 

973 

1163 

190* 

22 

55 

689 

584 

794 

210* 

2 

54 

1042 

879 

1206 

327* 

19 

54 

618 

614 

622 

8 

32 

54 

1073 

885 

1261 

376* 

3 

53 

1429 

1003 

1854 

851* 

6 

53 

953 

970 

935 

35 

30 

53 

831 

789 

873 

84* 

4 

52 

609 

604 

614 

10 

10 

52 

921 

898 

945 

47 

31 

52 

897 

941 

852 

89 

16 

51 

1122 

1158 

1086 

72? 

17 

51 

1395 

1049 

1741 

692* 

23 

51 

711 

739 

684 

55* 

24 

51 

863 

857 

C69 

12 

26 

51 

1120 

1125 

1114 

11 

27 

51 

830 

849 

8I2 

37* 

28 

51 

774 

651 

898 

247* 

29 

51 

670 

601 

740 

139* 

1 

50 

797 

883 

711 

172* 

8 

50 

649 

676 

621 

55* 

7 

49 

813 

776 

851 

75 

9 

49 

747 

680 

814 

134* 

13 

48 

745 

723 

767 

44 
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TABLE  20  (Concluded) 


Experiment  17: 

Data  Relevant 

to  Individual 

Differences . 

Reaction 

time  (msec) 

Is  based  on  median. 

Handedness 

Overall 

L  Hand 

R  Hand 

Subject 

Score ^ 

RT^ 

RT^ 

RT 

R  -  L 

2n 

48 

919 

1043 

794 

249* 

11 

47 

899 

757 

1041 

284* 

14 

47 

915 

804 

1026 

222* 

5 

43 

834 

746 

922 

176* 

21 

41 

676 

655 

698 

43 

Maximum  score  is  60;  higher  scores  indicate  greater  rigi 

2 

RT  -  reaction  time;  overall  RT  is  based  on  all  data. 

*  Hand  difference  has  p  <0.05. 
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TABLE  21 


Frequency  of  Subjects  Showing  a  Reliable  Hand 
Advantage  for  Each  Hand  Order. 


Reliable  Hand  Advantage  + 

Hand  Order  + 

Right  Hand 

Left  Hand 

None 

Left  Hand  First 

7 

4 

5 

Right  Hand  First 

1 

10 

5 

Total  + 

8 

14 

10 

100 


subjects  showed  a  reliable  left  hand  advantage,  even  though  this  hand  did  not 
benefit  from  practice  at  doing  the  task. 


The  analysis  suggests  the  following  hypothesis  for  describing  the 
Individual  differences  In  the  intrahemlspherlc  Interference  shown  In  the 
performance  of  this  task.  One  dimension  of  Individual  differences  is  whether 
or  not  an  individual  shows  reliable  interference,  as  evidenced  by  a  reliable 
left  hand  advantage.  A  second  dimension  has  to  do  with  the  magnitude  of  the 
interference  effect  relative  to  practice  effects.  For  example,  one  hypothesis 
explaining  the  distribution  of  frequencies  for  subjects  who  used  their  left 
hand  first  Is  that  each  subject's  performance  reflects  a  combination  of 
Interference  effects  and  practice  effects.  It  could  be  argued  that  subjects 
who  showed  a  left  hand  advantage  showed  larger  Interference  effects  relative 
to  practice  effects,  subjects  who  showed  a  right  hand  advantage  had  larger 
practice  effects  relative  to  interference  effects,  and  those  who  showed  no 
hand  difference  experienced  equal  practice  and  Interference  effects. 

Thus,  analysis  of  data  from  Experiment  17  also  suggests  that  there  are 
Individual  differences  in  interference  magnitude,  although  description  of 
these  differences  is  made  somewhat  difficult  by  the  presence  of  hand  order 
effects.  The  analysis  of  the  relation  between  overall  reaction  and 
Interference  magnitude  sheds  some  further  light  on  one  factor  related  to  these 
differences.  The  correlation  between  overall  reaction  time  and  interference 
magnitude  was  significant  (r(30)  »  0.54,  p  <  0.05),  indicating  that  as 
Interference  magnitude  increased,  so  did  overall  reaction  time.  It  was  the 
slowest  subjects  who  showed  the  greatest  intrahemlspherlc  interference.  It 
may  be  that  Interference  resulted  in  not  only  a  left  hand  advantage,  but  also 
in  a  general  slowing  of  response  time. 

There  was,  however,  no  relationship  between  handedness  score  and 
interference  magnitude  (r  (30)  ■  0.001).  As  was  pointed  out  earlier,  examina¬ 
tion  of  this  relationship  may  be  limited  by  the  fact  that  all  subjects  were 
strongly  right-handed. 

Since  the  visual  field  differences  provided  no  evidence  of  interference, 
the  relationship  between  the  two  possible  measures  of  interference  was  not 
examined  for  Experiment  17. 


D.  Summary 

The  analyses  of  data  from  Experiment  13  and  Experiment  17  provide 
evidence  of  Individual  differences  in  the  magnitude  of  interference. 
Individual  differences  in  the  letter-matching  task  of  Experiment  13  were 
expressed  in  terms  of  whether  the  contralateral  visual  field  advantage 
indicative  of  Interference  was  more  evident  during  left  or  right  hand 
performance.  Individual  differences  in  the  lexical  decision  task  of 
Experiment  17  were  more  evident  in  terms  of  differences  in  interference 
magnitude,  (l.e.,  the  magnitude  of  the  left  hand  advantage).  The  magnitude  of 
this  advantage  was  related  to  overall  reaction  time. 

This  last  finding  is  of  special  Interest  because  it  suggests  that  it  may 
be  especially  important  to  identify  individuals  who  experience  large 
magnitudes  of  Intrahemipheric  interference.  For  those  Individuals, 

performance  in  general  may  be  slow,  so  it  is  particularly  important  to 
facilitate  performance  by  designating  left  hand  response. 

It  is  important  to  note  that  the  analyses  that  were  conducted  are 
somewhat  preliminary  and  limited.  This  is  because  individual  differences  did 
not  become  a  major  focus  until  relatively  late  in  the  research.  Also, 
analyses  was  limited  by  the  availability  of  appropriate  statistics  and 
methodology.  However,  even  the  present  analysis  revealed  interesting 
differences,  and  suggests  chat  further  analysis  has  great  potential  for 
contributing  Co  personnel  selection  and  individualized  training  procedures. 
This  issue  will  be  discussed  further  in  Section  VI. 
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SECTION  VI 

GENEBAL  DISCUSSION  AND  CONCLUSIOIK 


A.  Theoretical  Implications  of  the  Research 

The  fundamental  question  of  the  research  concerns  how  the  organization 
and  resources  of  the  brain  hemispheres  affect  the  quality  of  performance,  and 
how  understanding  of  these  characteristics  can  be  used  to  Improve  performance, 
particularly  In  the  stressful,  information-overload  conditions  frequently 
faced  by  military  operators.  Of  specific  Interest  was  the  effect  of  inter¬ 
actions  between  activities  associated  with  the  same  hemisphere,  particularly 
Interactions  which  degrade  performance. 

A  major  conclusion  of  the  research  Is  that  there  may  be  Intrahemispheric 
interference  between  Information  processing  activities  which  degrades  perfor¬ 
mance  In  certain  conditions  requiring  rapid  performance.  Such  interference 
affects  a  variety  of  tasks.  Including  those  for  which  there  Is  no  reliable 
evidence  of  hemispheric  specialization  (e.g.,  letter  shape  matching)  and  those 
for  which  there  is  reliable  evidence  of  hemispheric  specialization  (e.g., 
lexical  declslon-maklng) . 

A  question  of  major  Interest  concerns  the  specific  ways  in  which  such 
interference  affects  performance.  The  results  of  the  current  research  concur 
with  those  of  earlier  studies  Indicating  that  there  are  varying  effects.  The 
present  results  suggest  that  the  nature  of  task  stimulus  processing  demands 
may  help  determine  how  intrahemispheric  interference  is  manifested  and,  in 
particular,  whether  visual  field  differences  or  responding  hand  differences 
are  observed. 

When  the  task  involves  making  match-mismatch  decisions  about  stimuli 
(i.e.,  are  two  stimuli  the  same  or  different?),  intrahemispheric  interference 
causes  response  to  be  slower  for  stimuli  initially  received  by  the  hemisphere 
controlling  the  response.  In  operational  terms,  subjects  are  slower  for 
stimuli  appearing  in  the  visual  field  ipsilateral  to  the  Identity  of  the 
responding  hand  (e.g.,  for  right  visual  field  stimuli  when  a  right  hand 
response  is  being  used).  In  other  words,  in  matching  tasks,  intrahemispheric 
interference  determines  whether  subjects  are  faster  for  right  or  left  visual 
field  stimuli. 
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For  the  lexical  decision  task,  however,  Intrahemispherlc  interference  is 
manifested  in  a  different  way.  In  this  task,  Intrahemispherlc  Interference 
Influences  which  responding  hand  is  slower,  rather  than  which  visual  field  is 
slower.  For  this  task,  there  was  a  consistent  right  visual  field  advantage 
Indicative  of  left  hemisphere  linguistic  superiority.  However,  right  hand 
responses  were  slower  than  left  hand  responses,  even  though  subjects  were 
right-handed.  The  involvement  of  the  left  hemisphere  in  lexical  decision¬ 
making  degraded  the  efficiency  with  which  it  could  direct  response,  relative 
to  right  hemisphere  efficiency  in  directing  response. 

One  issue  of  concern  is  the  capability  to  predict  how  intrahemispherlc 
Interference  may  affect  performance  for  a  given  task.  The  present  results 
provide  one  suggestion.  Intrahemispherlc  interference  was  manifest  in  terms 
of  stimulus  visual  field,  but  not  hand  differences,  for  stimulus  matching 
tasks  in  which  the  superiority  of  one  hemisphere  over  the  other  is  less 
consistent.  For  example,  as  has  been  pointed  out  previously,  there  are 
several  reports  of  a  right  hemisphere  superiority  for  letter-shape  matching 
(Cohen,  1972;  Geffen,  Bradshaw,  &  Wallace,  1971),  yet  this  superiority  is  not 
reliably  replicated.  In  contrast,  Intrahemispherlc  interference  was  manifest¬ 
ed  in  terms  of  a  right-left  hand  difference  for  the  lexical  decision  task,  one 
which  reliably  produces  evidence  of  left  hemisphere  linguistic  superiority. 
It  therefore  seems  worthwhile  to  propose  that  intrahemispherlc  Interference  is 
more  likely  to  result  in  visual  field  differences  in  tasks  for  which  there  Is 
less  consistent  superiority  of  one  hetolsphere,  but  is  more  likely  to  result  in 
hand  differences  in  tasks  for  which  the  superiority  of  one  hemisphere  Is 
highly  reliable. 

Also  of  major  Interest  is  the  identification  of  factors  determining 
first,  when  Intrahemispherlc  Interference  is  likely  to  occur  and,  second,  the 
magnitude  of  such  interference.  It  was  originally  hypothesized  that  the  level 
of  processing  demands  of  particular  processing  activities  might  determine  the 
magnitude  of  intrahemispherlc  interference,  with  interference  decreasing  as 
processing  demand  decreased  and  Increasing  as  processing  demand  Increased. 
The  processing  demand  of  a  particular  activity,  specifically  stimulus 
processing  and  response  processing,  was  inferred  in  a  relative  sense  by 
consideration  of  the  relative  difficulty  of  that  activity  and  overall  reaction 
time. 
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The  studies  involving  the  letter-shape  matching  task  systematically 
manipulated  stimulus  and  response  processing  demand  and,  thus,  provided  the 
best  evidence  concerning  the  effects  of  these  factors.  The  results  point  to 
the  conclusion  that  more  central,  resource-related  decision  and  response 
factors  determine  the  magnitude  of  intrahemlspherlc  Interference,  while 
factors  related  to  early  perceptual  processes  (e.g.,  stimulus  recognition) 
have  relatively  little  importance.  In  conditions  In  which  evidence  of 
Intrahemlspherlc  Interference  was  observed,  the  magnitude  of  the  interference 
did  not  change  with  manipulations  designed  to  either  decrease  perceptual 
demands  (e.g.,  elimination  of  the  stimulus  mask  as  In  Experiment  2)  or  to 
Increase  perceptual  demands  (e.g.,  increasing  stimulus  visual  angle  as  In 
Experiment  10). 

In  contrast,  changes  In  response-related  demands  had  a  major  Impact  upon 
interference  magnitude.  Intrahemlspherlc  Interference  does  not  appear  to 
affect  performance  when  performance  requires  a  unimanual  go-no  go  response, 
l.e.,  when  only  a  single  response  made  by  one  finger  Is  possible  and  subjects 
must  discriminate  the  stimuli  for  which  that  response  is  appropriate.  When 
the  go-no  go  response  was  used  in  the  matching  task,  performance  varied 
neither  as  a  function  of  visual  field  nor  responding  hand.  This  pattern  was 
highly  reliable,  appearing  In  a  variety  of  matching  tasks.  There  was, 
unfortunately,  insufficient  time  to  examine  whether  use  of  the  go-no  go 
response  in  the  lexical  decision  task  also  eliminated  evidence  of 
Interference.  However,  the  data  of  Day  (1977),  who  required  subjects  to  use  a 
go-no  go  response  In  a  lexical  decision  task,  suggest  an  absence  of 
Interference . 

Evidence  of  Intrahemlspherlc  Interference  appears  more  reliably  when  the 
task  requires  a  unimanual  choice  response,  l.e.,  when  certain  stimuli  signal 
response  by  one  finger,  while  others  signal  response  by  a  different  finger 
within  the  same  hand.  There  was  reliable  evidence  of  Interference  In  all  of 
the  two-choice  matching  tasks  Involving  Response  Assignment  1  (an  Index  finger 
keypress  Indicates  match,  and  a  middle  finger  keypress  Indicates  mismatch)  and 
In  the  two-choice  lexical  decision  task.  The  fact  that  the  unlraanual  choice 
response  Is  more  difficult  than  the  go-no  go  response  supports  the  hypothesis 
that  interference  magnitude  Is  related  to  level  of  response  demands. 


However,  the  results  obtained  when  Response  Assignment  2  (the  reverse  of 
Response  Assignment  1)  was  used  require  qualification  of  this  hypothesis. 
Response  Assignment  2  was  associated  %d.th  slower  reaction  time  In  the  matching 
tasks  and  higher  error  rate  In  the  lexical  decision  task,  suggesting  It  was 
more  difficult  than  Response  Assignment  1.  The  reason  for  this  Is  unclear  at 
this  time.  Since  the  motor  demands  of  the  two  response  assignments  are 
Identical,  the  difference  must  be  related  to  more  central  aspects  of  response 
organization  associated  with  translating  a  decision  Into  a  motor  response. 
The  difference  may  be  related  to  a  recoding  advantage  for  translating  the  more 
positive  decision  (match  or  word)  Into  an  Index  finger  response,  and  the  more 
negative  decision  (mismatch  or  nonword)  Into  a  middle  finger  response,  rather 
than  vice  versa.  Nevertheless,  given  the  apparent  greater  difficulty  of 
Response  Assignment  2,  the  previous  hypothesis  would  lead  to  a  prediction  that 
Intrahemlspherlc  Interference  should  be  greater  for  Response  Assignment  2  than 
for  Response  Assignment  1. 

The  evidence  for  this  Is  mixed.  For  the  matching  tasks,  the  evidence  Is 
clearly  not  supportive.  Use  of  Response  Assignment  2  resulted  In  an  advantage 
for  the  visual  field  Ipsllateral  (rather  than  contralateral)  to  the  responding 
hand.  The  results  of  Experiments  15  and  16  rule  out  non-hemlsphere-related 
explanations  of  this  effect  In  terms  of  stimulus-response  compatibility 
effects.  The  best  explanation  at  this  time  Is  that  the  Ipsllateral  visual 
field  advantage  reflects  intrahemlspherlc  facilitation  between  stimulus  and 
response  activities  associated  with  the  same  hemisphere.  The  results 
therefore  suggest  that  In  matching  tasks.  Increased  response  difficulty  may 
Increase  overall  reaction  time,  but  also  result  In  Intrahemisphere 
facilitation,  rather  than  Increases  In  Interference. 

Performance  of  the  lexical  decision  task  Is,  however,  somewhat  supportive 
of  a  relationship  between  Increases  In  response  difficulty  and  In  Intra¬ 
hemlspherlc  Interference.  Although  there  was  no  overall  difference  In 
reaction  time  between  the  two  response  assignments,  this  may  be  because 
subjects  who  Initially  had  very  poor  performance  (l.e.,  very  high  error  rates) 
were  omitted  from  further  testing.  The  fact  that  the  frequency  of  being 
omitted  was  much  greater  for  subjects  Initially  tested  with  Response 
Assignment  2  supports  the  Idea  that  this  response  assignment  was  more 
difficult.  Among  subjects  who  did  complete  testing,  there  was  a  greater 
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frequency  of  evidence  of  Intrahemispherlc  interference,  i.e.,  of  a  left  hand 
advantage,  among  subjects  who  used  Response  Assignment  2.  This  provides  some 
support  for  a  relationship  between  increases  in  response  difficulty  and 
interference. 

The  present  results  suggest  that  it  is  the  difficulty  of  more  central, 
resource-demanding  aspects  of  responding  (e.g.,  response  organization)  that 
are  critical  in  determining  Interference,  rather  than  aspects  associated  with 
Che  actual  motor  movement.  Even  Chough  reaction  time  was  slower  in  conditions 
which  seemed  Co  change  Che  motor  quality  of  the  Cask  (e.g.,  when  Che  hand  was 
placed  in  a  lateral,  rather  than  a  central  position),  the  critical  effects  did 
not  change  with  these  manipulations.  The  critical  effects  did,  however,  vary 
with  the  nature  of  processes  associated  with  translating  the  decision 
regarding  the  stimulus  into  a  particular  response.  These  processes  are  likely 
to  be  more  central,  and  to  occur  relatively  earlier  during  response-making. 

The  reason  for  the  difference  between  tasks  in  the  effects  of  increased 
response  difficulty  can  only  be  speculated  upon  at  this  time.  It  may  be 
related  to  the  fact  that  the  hemispheres  are  more  equally  capable  at 
performing  the  stimulus  processing  required  by  the  matching  tasks,  while  the 
left  hemisphere  is  significantly  superior  at  lexical  decision-making.  For  the 
lexical  decision  task,  stimulus  processing  must  rely  heavily  on  the  left 
hemisphere,  reducing  left  hemisphere  resources  for  directing  right  hand 
response,  an  effect  which  increases  with  greater  response  difficulty. 
However,  for  the  matching  tasks,  greater  hemispheric  equivalence  for  stimulus 
processing  may  allow  greater  flexibility  in  processing  strategy  so  that 
Increases  In  response  difficulty  are  not  necessarily  translated  into  Increases 
in  Interference.  The  evidence  of  intrahemispherlc  facilitation  suggests  that 
Increased  response  difficulty  may  result  in  beneficial  activation  effects 
within  the  hemisphere  controlling  the  response. 

A  variety  of  evidence  suggests  that  intrahemispherlc  interactions 
impacting  performance  are  reduced,  or  at  least  do  not  differentially  affect 
the  two  hemispheres,  when  overall  task  demands  are  relatively  easy.  First,  in 
the  matching  tasks,  there  was  either  an  absence  of  effects,  or  less  reliable 
effects,  for  match  responses,  as  compared  to  mismatch  responses.  There  is 
both  theoretical  and  empirical  evidence  suggesting  that  match  decisions  are 
less  demanding  than  mismatch  decisions.  Second,  use  of  the  easier,  go-no  go 
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response  reliably  eliminated  evidence  of  intraheml spheric  Interference  in 
tasks  In  which  It  had  appeared.  Third,  performance  of  a  letter  recognition 
task  (Experiment  9)  reflected  no  hemisphere-related  effects,  but  rather, 
seemed  to  be  Influenced  by  stimulus-response  compatibility  effects.  Since 
letter  recognition  Is  highly  practiced  and  relatively  automatic,  this  task  Is 
easier  than  letter  matching,  an  assumption  reinforced  by  the  faster  reaction 
time  associated  with  the  letter  recognition  Cask.  The  absence  of  hemisphere- 
related  effects  for  this  task  supports  Che  Idea  that  such  effects  are  less 
likely  In  less  demanding  conditions. 

The  finding  of  evidence  for  Intrahemlspherlc  facilitation,  while  not 
expected  In  this  research.  Is  not  without  precedent.  It  should  be  noted  chat 
the  effects  which  have  been  interpreted  In  terms  of  facilitation  are  similar 
In  pattern  to  effects  of  Interhemlspherlc  transmission  time,  but  have  been 
Interpreted  as  facilitation  effects  because  they  are  much  larger  than  those  of 
transmission  time  (Bashore,  1981).  A  number  of  studies  have  reported  evidence 
that  activation  within  one  hemisphere  biases  attention  (Klnsbourne,  1970)  and 
eye  movements  (Gur  &  Gur,  1977)  toward  the  visual  field  contralateral  to  the 
activated  hemisphere.  Qjtton,  Tzeng,  and  Hardyck  (1980)  argued  that  response 
control  by  one  hand  might  cause  higher  arousal  In  the  hemisphere  contralateral 
to  the  hand  and  thus  bias  attention  Coward  the  visual  field  contralateral  to 
the  more  highly  aroused  hemisphere.  This  would  result  In  an  advantage  for  the 
visual  field  Ipsilateral  to  the  responding  hand. 

Such  an  attenclonal  effects  could  explain  the  Ipsilateral  visual  field 
advantage  observed  In  the  present  studies.  Alternately,  the  arousal  could 
result  in  priming  effects  (Posner,  1978)  causing  the  hemisphere  controlling 
the  response  to  be  more  efficient  at  stimulus  processing,  once  stimulus 
Information  has  arrived  In  that  hemisphere.  The  present  results  cannot, 
however,  distinguish  between  these  two  possible  explanations  of  the 
facllltaCory  effect. 

B.  Applied  Implications 

The  applied  Implications  have  relevance  for  task  design,  human-machine 
Interface  design,  and  other  activities  which  require  determining  how  stimulus 
and  response-related  characteristics  can  be  selected  to  optimize 
performance.  The  analysis  of  Individual  differences  has  Implications  for 
personnel  selection  and  training.  For  purposes  of  clarity,  the  Implications 
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will  be  described  In  a  fairly  broad  and  definite  manner.  It  is  important  to 
note,  however,  that  they  are  Inferences  from  basic  research  findings  and 
require  additional  investigation  before  they  validly  can  be  applied  to 
addressing  real  problems. 

The  results  are  most  relevant  for  understanding  and  predicting 
performance  in  tasks  which  have  the  following  characteristics:  1)  critical 
stimuli  appear  briefly  to  the  left  or  right  of  visual  fixatior. ,  and  2)  the 
required  response  is  one  that  is  heavily  dependent  on  one  brain  hemisphere. 
The  present  research  has  Involved  a  keypress  response,  for  which  there  Is 
considerable  evidence  of  control  by  the  hemisphere  contralateral  to  the 
responding  hand.  However,  the  effects  observed  with  use  of  manual  finger 
response  should  theoretically  generalize  to  other  responses  controlled  mainly 
by  one  hemisphere.  One  Important  response  which  merits  Investigation  is 
speech,  which  is  very  heavily  dependent  on  the  functioning  of  the  left 
hemisphere  in  most  individuals. 

The  results  imply  that,  in  tasks  having  these  characteristics,  the  speed 
of  performance  may  be  affected  by  Intrahemlspheric  Interference, 
intrahemispheric  facilitation,  or  stimulus-response  compatibility.  In  the 
majority  of  the  conditions  in  which  hemisphere-related  effects  occurred,  the 
lexical  decision  task  excepted,  these  factors  had  larger  effects  on  the 
relative  speed  of  response  to  stimuli  in  the  left  versus  the  right  visual 
field  than  on  the  relative  speed  of  the  two  hands.  Although  the  right  hand 
tended  to  be  faster  than  the  left  hand  in  the  matching  tasks,  the  larger 
effect  on  performance  was  the  advantage  for  a  particular  visual  field  for  a 
particular  hand.  Most  of  the  applied  implications  are  therefore  described 
from  the  point  of  view  of  optimal  positions  for  lateralizlng  stimulus 
presentation  relative  to  response  identity.  The  exception  to  this  is  the 
applied  implication  of  lexical  decision  task  performance,  which  has  relevance 
for  both  hand  and  visual  field  selection. 

In  Table  22  are  outlined  the  major  Implications  of  the  present  research 
with  respect  to  specifying  lateral  locations  for  stimuli.  Factors 
hypothesized  to  be  Important  in  determining  the  effects  are  indicated  in 
parentheses;  these  factors  merit  further  Investigation. 

The  results  imply  that  in  tasks  which  require  stimulus  matching  but  which 
Involve  go-no  go  responses,  assignment  of  the  stimulus  to  a  lateral  visual 
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field  can  be  determined  by  factors  other  than  hemisphere-related  factors.  It 
is  also  likely  that  stimulus-response  spatial  compatibility  is  not  critical  to 
consider  in  these  conditions,  although  it  may  be  important  to  examine  this 
prediction  when  the  go-no  go  response  is  laterally  positioned.  It  seems 
likely  that  the  requirement  to  make  a  choice  between  at  least  two  responses  in 
different  lateral  locations  is  necessary  (though  not  sufficient)  for  evoking 
stimulus-response  spatial  compatibility  effects. 

The  results  clearly  indicate  that  when  a  choice  response  is  required, 
selection  of  stimulus  location  should  include  consideration  of  possible 
hemisphere-related  and  stimulus-response  compatibility  effects.  In  choice 
response  tasks,  hemisphere-related  effects  are  more  likely  to  impact 
performance  when  there  are  relatively  high  stimulus  processing  demands  (e.g., 
stimulus  matching  or  lexical  decision-making).  In  stimulus  matching  tasks, 
either  interfering  or  facilitatory  intrahemlspherlc  Interactions  can  affect 
performance.  The  present  results  suggest  that  the  former  type  of  interaction 
is  more  likely  when  the  translation  from  stimulus  decision  to  response  is 
relatively  easy,  while  the  latter  is  more  likely  when  this  translation  is  more 
difficult.  This  implies  that  for  choice  response  assignments  in  stimulus 
matching  Casks  that  Involve  relatively  easy  decision-response  translation, 
critical  stimuli  should  be  presented  in  the  visual  field  contralateral  Co  the 
left-right  identity  of  the  responding  hand.  That  is,  if  response  by  the  left 
hand  is  required,  performance  will  be  faster  if  critical  stimuli  appear  in  the 
right,  rather  than  the  left  visual  field.  For  more  difficult  response 
assignments,  critical  stimuli  should  be  presented  in  the  visual  field  that  is 
Ipsilateral  to  the  identity  of  the  responding  hand.  That  is  for  right  hand 
responses,  stimuli  should  appear  in  the  right  visual  field.  These  principles 
appear  to  apply  regardless  of  whether  the  hand  is  laterally  or  centrally 
located. 

These  principles,  however,  do  not  appear  to  apply  to  all  tasks  involving 
a  choice  response.  They  may  not  apply  to  tasks  which  Involve  stimulus 
processing  for  which  one  hemisphere  is  heavily  specialized,  such  as  lexical 
decision-making.  In  such  Casks,  performance  will  be  fastest  when  stimuli 
appear  in  the  visual  field  contralateral  to  the  hemisphere  specialized  for 
stimulus  processing  (so  that  they  are  initially  received  by  that  hemisphere), 
and  response  is  made  by  the  hand  controlled  by  the  hemisphere  not  as  heavily 
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Involved  in  stimulus  processing.  Thus,  In  verbal  casks,  for  which  the  left 
hemisphere  Is  heavily  specialized  In  most  Individuals,  performance  will  be 
fastest  when  critical  stimuli  are  presented  in  the  right  visual  field,  and 
responses  are  made  by  Che  left  hand. 

This  last  recommendation  Is  particularly  noteworthy  because  what  Is  being 
suggested  Is  that  In  some  conditions,  performance  by  the  left  hand  may  be 
faster  than  that  by  the  right  hand  even  for  strongly  right-handed  subjects. 
The  present  results  suggest  this  may  occur  for  certain  verbal  tasks  which 
place  heavy  demand  on  left  hemisphere  capabilities.  This  finding  warns 
against  Che  tendency,  when  making  response  assignments,  Co  assuibe  that  right 
hand  performance  will  be  at  least  as  efficient.  If  not  more  efficient,  as  left 
hand  performance  for  right-handed  Individuals. 

Finally,  for  unlmanual  choice  response  tasks  involving  relatively  low 
stimulus  processing  demands  (e.g.,  letter  recognition,  which  Is  highly 
automatic),  hemisphere-related  effects  may  be  minimal,  but  stimulus-response 
compatibility  effects  may  require  consideration.  When  unlmanual  choice 
responses  are  used  in  a  central  location,  performance  will  be  fastest  when 
stimuli  appear  In  the  left-right  location  congruent  with  the  left-right 
location  of  the  responding  finger  within  the  hand.  For  example,  if  responses 
are  made  by  the  Index  and  middle  fingers  of  the  left  hand,  stimuli  requiring 
an  index  finger  response  should  be  presented  in  the  right  visual  field  and 
Chose  requiring  a  middle  finger  response  should  be  presented  in  the  left 
visual  field.  Further  Investigation  Is  required  to  determine  whether  such 
effects  generalize  to  laterally-located  unlmanual  choice  responses. 

The  results  also  have  Implications  for  the  relative  quality  of 
performance  based  on  stimuli  appearing  In  central  versus  lateral  positions. 
Although  not  a  major  focus  of  Interest,  an  intriguing  pattern  In  the  data  was 
for  match  responses  to  be  fastest  for  stimuli  presented  in  the  central  visual 
field  regardless  of  responding  hand,  but  for  mismatches  responses  to  be 
fastest  for  stimuli  appearing  In  either  Che  left  or  right  visual  field, 
depending  on  the  responding  hand  and  response  assignment.  The  data  in  Figure 
5  Illustrate  this  pattern.  For  match  pairs,  fastest  reaction  time  is 
associated  with  the  central  visual  field  for  either  hand.  However,  for 
mismatch  pairs,  this  is  not  the  case.  For  the  left  hand,  right  visual  field 
reaction  time  Is  fastest.  For  the  right  hand,  the  reverse  is  true. 
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There  are  several  possible  explanations  for  this  pattern.  One  hypothesis 
has  to  do  with  the  relative  goodness  for  detection  of  similarities  versus 
differences  of  information  perceived  centrally  (foveally)  versus  laterally 
(peripherally).  Another  hypothesis  is  that  central  presentation  may,  in 
general,  be  best,  but  not  when  significant  hemisphere-related  factors  are 
influencing  performance,  as  was  the  case  with  mismatches. 

Regardless  of  the  explanation,  the  applied  implication  is  that  central 
presentation  of  stimuli  may  not  be  optimal.  Factors  related  to  the  nature  of 
the  processing  that  is  performed  for  different  stimulus  types  may  determine  if 
the  central  or  lateral  location  is  best. 

The  results  also  have  a  variety  of  other  applied  implications  which  are 
less  clearly  related  to  brain  hemisphere  capabilities,  but  which  nevertheless 
deserve  mention.  One  important  Implication  is  that  task  design  should 
consider  the  effects  of  stimulus-response  spatial  compatibility  even  when 
responses  are  to  be  centrally  rather  than  laterally  located.  Although  central 
response  location  may  eliminate  effects  of  spatial  compatibility  associated 
with  hand  location,  it  does  not  necessarily  eliminate  effects  of  compatibility 
on  the  relative  speed  of  the  fingers  within  the  hand.  Experiment  9  clearly 
demonstrated  such  an  effect,  even  for  a  task  in  which  stimulus  and  response 
spatial  location  were  Irrelevant  to  determining  the  correct  response. 

Another  implication  is  that,  in  conditions  requiring  choice  responses, 
the  manner  in  which  the  stimulus  decisions  are  assigned  to  possible  responses 
can  affect  overall  response  speed.  In  the  present  case,  assigning  the  match 
decision  to  the  iiidex  finger  and  the  mismatch  decision  to  the  middle  finger 
resulted  in  reaction  time  that  was  considerably  faster  than  when  the 
assignment  was  reversed.  This  effect  was  not  anticipated,  end  has  received 
little  attention  in  existing  literature.  The  applied  recommendation  is  that, 
when  choice  responses  are  required,  preliminary  testing  should  be  performed  to 
determine  the  optimal  decision-response  configuration. 

A  final  Implication  concerns  the  impact  of  hand  position,  central  versus 
lateral,  and  hand  orientation,  either  perpendicular  or  parallel  to  the  body 
upon  overall  speed  of  performance.  In  the  present  studies,  the  fastest 
reaction  times  were  obtained  when  the  responding  hand  was  centrally  located 
with  the  fingers  perpendicular  to  the  body  (e.g.,  Experiment  13).  Either 
positioning  the  hands  laterally  (e.g..  Experiment  15)  or  positioning  the 
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fingers  parallel  to  the  body  (e.g..  Experiment  16)  slowed  reaction  time  by  30 
to  60  msec,  particularly  for  the  faster  response  assignment  (Response 
Assignment  1).  It  is  therefore  recommended  that  manual  responses  be 
positioned  centrally  with  fingers  perpendicular  to  the  body  when  that  is 
possible. 

The  recommendations  described  previously  are  based  on  patterns  seen  in 
data  averaged  over  groups  of  subjects.  There  will,  however,  clearly  be 
variation  in  the  validity  of  these  principles  for  particular  individuals.  At 
this  time  it  is  not  possible  to  predict  individual  differences  in  interference 
magnitude  and,  thus,  the  extent  to  which  the  performance  of  a  given  individual 
will  be  affected  by  failure  to  apply  the  described  principles.  At  this  time 
what  is  known  is  that  there  are  individual  differences  in  the  magnitude  of 
Intrahemispheric  Interference  and  in  the  aspects  of  performance  that  are 
affected.  This  was  clearest  in  performance  of  the  letter-matching  task  in 
which  there  was  variation  in  both  when  visual  field  differences  were  reliable 
and  in  whether  Interference  was  manifested  also  in  terms  of  differences  in 
overall  hand  speed.  If  additional  research  can  identify  measurable  individual 
characteristics  correlating  with  these  differences,  then  they  can  be  used  to 
select  personnel  who  experience  minimal  interference,  or  Interference  of  a 
type  that  is  less  critical  to  performance.  Alternately,  Individualized 
training  procedures  can  be  designed  to  aid  those  whose  performance  is  heavily 
degraded  by  interference  effects. 

C.  Recommendations  for  Future  Research 

As  with  any  major  research  project,  the  present  project  suggests  a 
multitude  of  areas  in  which  further  research  could  benefit  the  understanding 
of  factors  determining  the  quality  of  human  performance.  A  variety  of 
questions  has  been  posed  in  this  report.  The  present  discussion  will  focus  on 
three  issues  which  have  considerable  potential  for  contributing  to 
understanding  human  performance. 

Vfhat  are  the  effects  of  increases  in  central  processing  demands  on  the 
magnitude  of  hemisphere-related  effects  upon  performance?  The  research  has 
provided  multiple  pieces  of  evidence  suggesting  that  the  magnitude  of  central 
processing  demands  determines  whether  and  how  hemisphere-related  factors  will 
influence  perforaance.  The  evidence  has  largely  been  based  on  the  effects  of 
various  manipulations  of  response-related  factors  hypothesized  to  vary  in 
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central  processing  demand.  There  Is  a  need,  however,  Co  validate  this 
indirect  evidence  by  examining  the  effects  of  direct  manipulations  of  central 
processing  demands.  For  example,  one  might  require  subjects  to  perform  a 
simple  memory  task  concurrent  %rlth  the  primary  task,  e.g.,  letter'-shape 
matching.  One  could  vary  the  size  of  the  memory  load  Co  see  how  variations  in 
central  processing  demands  affect  the  magnitude  of  hemisphere-related  effects. 
It  was  hoped  Chat  the  present  research  vpould  include  this  manipulation  but  the 
need  Co  investigate  effects  of  response  assignment  precluded  such  investiga¬ 
tion. 

Also  of  interest,  particularly  in  terms  of  eventual  application,  is 
further  investigation  of  the  relationship  between  changes  in  central 
processing  demand,  type  of  Cask,  and  the  nature  of  hemisphere-related 
effects.  The  completed  research  strongly  suggests  Chat  changes  in  central 
processing  demands  can  be  manifested  in  different  hemisphere-related  effects 
for  different  Casks.  It  was  hypothesized  that  increases  in  central  processing 
demands  from  moderate  to  higher  levels  may  result  in  increased 
intrahemlspheric  interference  in  tasks  for  which  one  hemisphere  is 
specialized,  but  may  result  in  intrahemlspheric  facilitation,  rather  than 
Interference,  in  Casks  for  which  neither  hemisphere  is  specialized.  This 
hypothesis  is,  however,  speculative  and  merits  further  investigation. 

How  do  individual  differences  in  brain  organization  and  activity  affect 
performance?  The  present  results  clearly  indicate  that  there  are  individual 
differences  in  Che  magnitude  of  Intrahemlspheric  interference.  The  present 
research  was  not,  however,  designed  to  clarify  the  bases  for  these 
differences.  There  are,  however,  both  empirical  and  theoretical  bases  for 
suggesting  Chat  individual  differences  in  Che  manner  in  which  language  is 
represented  in  Che  two  brain  hemispheres  may  be  related  Co  the  magnitude  of 
intrahemlspheric  Interference.  More  specifically,  there  is  some  evidence  that 
interference  may  be  greater  for  individuals  in  whom  language  is  more 
bilaterally  represented.  In  contrast  to  right-handers,  in  whom  language  is 
most  frequently  based  in  the  left  hemisphere,  there  is  evidence  chat  left¬ 
handers  and  females  frequently  have  a  more  bilateral  representation  of 
language.  There  is  also  some  evidence  that  performance  by  these  groups  more 
reliably  reflects  effects  of  intrahemisphere  Interference  (Heister,  1984; 
Sussman,  1982). 
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One  of  the  major  recommendations  of  this  report  Is  that  further  efforts 
be  devoted  to  the  investigation  of  Che  effects  of  individual  differences  in 
brain  organization  and  activity  upon  performance.  An  upcoming  proposal  by  the 
present  author  will  describe  research  aimed  at  Investigating  Che  relationship 
between  the  nature  of  an  individual's  language  function  representation  in  the 
brain  and  the  vulnerability  to  brain-related  interference  effects  between 
different  aspects  of  task  performance.  The  research  will  attempt  to  identify 
reliable  indices  of  brain  organization  chat  can  be  used  Co  predict  the  quality 
of  an  individual's  performance  in  conditions  in  which  there  might  be 
Interference  between  different  processing  activities. 

A  second  aspect  of  Individual  brain  functioning  which  appears  to  be 
related  to  the  quality  of  performance  baaed  on  lateral  stimuli  is  the  relative 
arousal  of  the  two  brain  hemispheres.  It  has  been  proposed  that  there  are 
individual  differences  in  the  relative  arousal  of  the  two  brain  hemispheres, 
and  chat  these  differences  are  related  to  the  magnitude  of  perceptual 
asymmetries  as  well  as  Co  other  more  global  characteristics  of  individual 
personality  and  information  processing  style  (Levy,  Heller,  Banlch,  &  Burton, 
1983).  A  recently  begun  project  by  the  present  author,  and  funded  by  the  U.S. 
Army  Research  Institute,  is  investigating  this  hypothesis  through  the  use  of 
electroencephalography.  This  approach  will  also  be  proposed  for  use  in 
Investigating  the  influence  upon  performance  of  individual  differences  in 
language  representation  in  Che  brain. 

Investigation  of  factors  determining  stimulus-response  spatial 
compatibility  effects.  The  present  research  makes  it  clear  that  it  is  often 
difficult  Co  disentangle  brain  hemisphere-related  effects  and  stimulus- 
response  spatial  compatibility  effects  upon  performance.  This  is,  in  part, 
because  of  the  lack  of  understanding  of  the  factors  determining  Che  different 
types  of  compatibility  effects.  Although  there  is  a  large  literature 
discussing  these  effects,  (e.g.,  Simon,  Sly,  &  Vilapakkam,  1981;  Wallace, 
1971),  the  present  research  provokes  several  important  questions  which  have 
not  been  addressed.  The  most  important  question  is  the  following:  what 
factors  are  necessary  and  sufficient  for  spatial  compatibility  effects  to 
predominate  in  determining  the  quality  of  performance  based  on  laterally- 
presented  stimuli?  The  existing  literature  implies  that  lateral  response 
location  is  a  critical  factor,  yet  the  present  research  (i.e..  Experiment  15) 
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Indicates  that  compatibility  effects  do  not  necessarily  occur  with  lateral 
response  locations.  In  contrast,  certain  types  of  compatibility  effects  occur 
even  when  the  response  Is  centrally  located. 

It  Is  clear  that  both  the  location  of  the  response  and  the  type  of  task, 
are  important  In  determining  compatibility  effects.  However,  there  Is  a  need 
to  clarify  how  variations  In  these  factors  affect  the  type  and  the  magnitude 
of  the  spatial  compatibility  effect,  and  how  these  Interact  with  hemisphere- 
related  effects  In  visual  half-field  studies.  There  is  Increasing  Interest  in 
these  Issues  (see  Cotton,  Tzeng,  &  Hardyck,  1580;  Helster,  1985),  but  little 
systematic  research  has  been  performed. 
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APPENDIX  A 
HANDEDNESS  INVENTORY 


Name 


Please  Indicate  your  preferences  in  the  use  of  hands  In  the  following 
activities  by  checking  the  appropriate  column.  Where  the  preference  Is  so 
strong  that  you  would  never  try  to  use  the  other  hand  unless  absolutely  forced 
to,  check  the  "Always"  column  for  the  appropriate  hand.  Fc  ‘asks  In  which 
you  usually  use  a  specific  hand  because  It  Is  more  comfortable.  ' -t  could  use 
the  other  hand,  check  the  "Mostly”  column  for  the  appropriate  ht.  ..  For  tasks 
In  which  either  hand  could  be  used  without  any  differences  In  comfort  or 
performance,  check  the  "Either"  column. 

Some  of  the  activities  require  both  hands.  In  these  cases,  the  part  of 
the  task,  or  object,  for  which  hand  preference  Is  wanted  Is  Indicated  In 
brackets. 

Please  try  to  answer  all  the  questions,  and  only  leave  a  blank  If  you 
have  no  experience  at  all  of  the  subject  or  task. 


(1) 

(2) 

(3) 

(4) 

(5) 

Always 

Mostly 

Either 

Mostly 

Always 

Left 

Left 

Hand 

Right 

Right 

1  Writing 

2  Drawing 

3  Throwing 

4  Scissors 

5  Toothbrush 

6  Knife  (without  fork) 

7  Spoon 

8  Broom  (upper  hand) 

9  Striking  Match  (match) 

10  Opening  box  (lid) 

1  Which  foot  do  you 
prefer  to  kick  with? 

11  Which  eye  do  you  use 
when  using  only  one? 


HANDEDNESS  INVENTORY  (Concluded) 


Did  you  tend  to  be  left-handed  when  you  were  a  child?  _______ 

Are  there  any  activities  which  you  perform  with  the  left  hand? 
If  yea,  please  nanie  them:  _ _ 


Are  there  any  activities  which  you  can  perform  well  with  either  hand? 
If  yes,  please  name  them:  _ 


Indicate  the  preferred  hand  used  by  each  of  the  following  relatives.  Mark  "R" 
for  right-handed,  "L”  for  left-handed,  and  "A"  for  ambidextrous.  Mark  ■'?”  if 
you  do  not  know. 


Father  Paternal  Grandfather 

Mother  _____  Paternal  Grandmother 

Brothers;  How  many?  _  Maternal  Grandfather 

Sisters;  How  many?  _  Maternal  Grandmother 
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Experiment  13A:  Median  Reaction  Time  (msec) 
for  Individual  Subjects 
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Experiment  13B:  Median  Reaction  Time  (msec) 
for  Individual  Subjects 
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Experiment  lA:  Median  Reaction  Time  (msec) 
for  Individual  Subjects 
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Experiment  14:  Percentage  of  Error  for 
Individual  Subjects 


Stimulus  Hand 

Type  +  Order  +  Subject  + 

Match  Right  first  1 

2 

3 

Left  first  4 

5 

6 

Mismatch  Right  first  7 

8 

9 

Left  first  10 

11 
12 

Match  Right  first  13 

14 

15 

Left  first  16 

17 

18 

Mismatch  Right  first  19 

20 

21 

Left  first  22 

23 

ii 

X 


Left 

Right 

L 

R 

C 

L 

R 

C 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

12.0 

6.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.0 

0.0 

4.0 

2.0 

2.0 

0.0 

0.0 

0.0 

0.0 

4.0 

2.0 

2.0 

2.0 

0.0 

0.0 

0.0 

0.0 

2.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.0 

0.0 

0.0 

0.0 

10.0 

2.0 

0.0 

2.0 

2.0 

6.0 

6.0 

2.0 

0.0 

2.0 

0.0 

2.0 

2.0 

4.0 

8.0 

2.0 

0.0 

6.0 

4.0 

2.0 

4.0 

4.0 

0.0 

4.0 

2.0 

0.0 

0.0 

0.0 

0.0 

2.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.0 

0.0 

0.0 

2.0 

0.0 

0.0 

2.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.0 

2.0 

2.0 

0.0 

0.0 

2.0 

4.0 

4.0 

2.0 

4.0 

4.0 

4.0 

4.0 

2.0 

0.0 

0.0 

0.0 

2.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.0 

0.0 

4.0 

0.0 

0.0 

2.0 

0.0 

2.0 

2.0 

2.0 

2.0 

0.0 

0.0 

2.0 

0.0 

0.0 

2.0 

1.4 

1.7 

1.2 

0.9 

1.2 

1.6 

■  Left,  Right,  or  Center 


137 


Individual  Subjects 


(SJ 

o 

00 

€N| 

cn 

go 

CO 

<M 

<M 

in 

■■4 

sO 

rs. 

»*N. 

a> 

sC 

fn 

m 

sO 

m 

»r> 

in 

u 

4J 

o 

Csl 

-»• 

nO 

•4- 

\o 

cn 

o> 

CO 

00 

m 

00 

O 

cn 

m 

r4 

-4 

cn 

m 

*o 

a 

NO 

m 

m 

in 

in 

m 

m 

in 

m 

(0 

S 

o 

o 

n* 

nO 

00 

o 

<T 

oo 

CM 

O 

o 

o 

>0 

m 

o 

fO 

m 

nO 

<NJ 

NO 

CM 

ON 

NO 

in 

m 

nO 

*4^ 

•4- 

in 

4 

m 

-4 

m 

*■4 

nO 

4 

cn 

cn 

nO 

o 

m 

OO 

o 

ON 

cn 

CM 

o 

in 

cn 

o 

4 

o 

On 

fx* 

in 

On 

m 

m 

in 

cn 

NO 

cn 

4 

4 

4 

m 

m 

4 

£ 

•■4 

«o 

nO 

n*. 

CM 

NO 

ON 

nO 

NO 

m 

in 

00 

oo 

ON 

vO 

m 

00 

nO 

CM 

CM 

cn 

ON 

cn 

CM 

in 

4 

in 

>o 

cn 

nO 

4 

4 

m 

4 

m 

in 

in 

•m4 

ON 

>o 

cn 

On 

o 

ON 

cn 

o 

CM 

00 

i-:i 

m 

o 

m 

4 

m 

cn 

o 

00 

m 

4 

in 

m 

cn 

NO 

4 

4 

in 

m 

nO 

m 

m 

nO 

nO 

ON 

m 

CM 

nO 

On 

4 

ON 

00 

nO 

NO 

nO 

00 

CM 

4 

00 

cn 

in 

4 

CM 

o 

m 

cn 

m 

m 

4 

in 

m 

m 

m 

NO 

nO 

o 

ON 

m 

00 

CO 

ON 

On 

ON 

CM 

in 

<0 

oc 

cn 

4 

o 

in 

CO 

o 

CM 

i-4 

m 

a 

m 

4 

m 

m 

4 

m 

in 

in 

h4 

in 

00 

^4 

X 

4 

00 

4 

ON 

nO 

CM 

m 

ON 

NO 

in 

cn 

On 

CM 

CO 

^4 

rv 

4 

On 

in 

CO 

m 

4 

4 

NO 

4 

in 

m 

Cvi  — 
vO  \0 


CM 

00 

4 

nO 

4 

oo 

ps. 

m 

4 

o 

O 

o 

n* 

nO 

On 

oo 

ON 

tN. 

CM 

4 

CM 

m 

00 

CM 

4 

CO 

4 

4 

rO 

m 

in 

in 

in 

m 

in 

in 

X 

CJ 

n* 

m 

Ox 

4 

m 

o 

>o 

in 

00 

CO 

CO 

ON 

AJ 

Qd 

m 

r^. 

o 

nO 

•w4 

CO 

CO 

4 

CO 

CO 

£ 

in 

CO 

4 

in 

CO 

so 

4 

nO 

px- 

m 

N^ 

nO 

in 

4 

nO 

O 

o 

ON 

o 

*4 

ON 

— « 

GO 

o 

X 

o 

00 

CM 

o 

ON 

00 

CM 

in 

CO 

o 

oo 

m 

in 

CO 

m 

>0 

CO 

m 

m 

m 

r^, 

vO 

NO 

in 

m 

— <«sfO'»'n\orvoow'0-“t'J 


a>  Cb 
9 

9  cd 
•o  B  9 
9  -H  OS 

(0  u  -w 
s  cn  > 


RA  >  Response  Assignment 

Visual  Field  »  Left,  Right,  or  Center 


Experiment  15:  Median  Reaction  Time  (msec) 
for  Individual  Subjects 
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Experiment  15:  Percentage  of  Error  for 
Individual  Subjects 
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RA  •  Response  Assignment 

Visual  Field  ■  Left,  Right,  or  Center 
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RA  =  Response  Assignment 

Visual  Field  =  Left,  Right,  or  Center 


Experiment  16:  Median  Reaction  Time  (msec) 
for  Individual  Subjects 
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RA  =  Response  Assignment 

Visual  Field  -  Left,  Right,  or  Center 


Experiment  16:  Median  Reaction  Time  (msec) 
for  Individual  Subjects 
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RA  >  Response  Assignment 

Visual  Field  -  Left,  Right,  or  Center 


APPENDIX  F-2  (Concluded) 
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visual  Field  »  Left,  Right,  or  Center 


APPENDIX  G 


Concreteness-Abstractness  Rating  Study 
for  Lexical  Decision  Task 


INTRODUCTION 

The  purpose  of  the  present  study  was  to  obtain  concreteness-abstractness 
ratings  of  a  list  of  four-letter,  one  syllable  nouns  of  known  frequency  as 
determined  by  Thorndike  and  Lorge  (194A).  The  study  was  necessary  because 
existing  word  lists  which  Include  ratings  of  concreteness-abstractness  (Brown 
&  Ure,  1969;  Palvio,  et.  al.,  1968)  did  not  Include  sufficient  numbers  of 

four-letter  nouns. 

METHOD 

Subjects.  The  subjects  were  31  male  and  7  female  Georgia  Tech 

undergraduates  participating  to  receive  credit  In  psychology  courses. 

Stimuli.  The  stimuli  were  223  four-letter,  one-syllable  nouns  selected 
from  the  Thorndlke-Lorge  Teacher's  Word  Book  of  30,000  Words  (1944).  The 
stimuli  were  listed  in  a  booklet  with  a  rating  scale  next  to  each  of  them. 
The  pages  within  the  booklet  were  randomly  ordered  between  subjects.  One  page 
was  repeated  no  less  than  six  pages  later  to  allow  computation  of  wlthln- 

subject  reliability. 

Method.  Subjects  were  tested  in  groups.  Each  subject  was  given  a 
booklet  with  the  Instructions  and  the  list  of  Items  to  rate  for  concreteness- 
abstractness.  The  subjects  were  Instructed  to  rate  each  word’s  concreteness- 
abstractness  using  a  seven-point  scale.  Half  of  the  subjects  (Group  1)  were 
Instructed  to  give  the  most  concrete  words  the  highest  number,  i.e.,  seven; 
the  other  half  (Group  2)  were  told  to  give  the  most  abstract  word  the  highest 
number.  Subjects  were  told  not  to  look  back  at  Items  they  had  already 
rated.  There  was  no  time  limit  Imposed  on  their  performance. 
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RESULTS 


Assessment  of  Reliability  and  Validity.  Rating  reliability  was  assessed 
both  within  and  between  subjects,  using  the  Pearson  r.  Wi thin-subject 
reliability  was  computed  by  correlating,  for  each  subject,  the  ratings  of  each 
Item  on  the  repeated  page.  The  correlations  averaged  0.89,  with  a  standard 
deviation  of  0.13. 

Be tween-subject  reliability  was  calculated  through  a  split-half 
correlation  of  selected  Items.  The  subjects  were  divided  Into  two  groups,  and 
the  mean  rating  for  each  item  within  the  group  was  calculated.  The 
correlation  was  computed  between  the  two  subgroup  mean  scores  on  a  subset  of 
seventeen  Items  from  the  original  list.  The  correlation  was  0.95.  Both 
within  and  between  subject  analyses  therefore  suggest  high  reliability  of 
ratings. 

The  validity  of  ratings  was  assessed  by  computing  the  correlation  between 
the  average  ratings  and  ratings  given  by  Paivio,  et.  al.  (1968)  and  Brown  and 
Ure  (1969)  for  common  Items.  The  correlation  between  the  average  subject 
ratings  and  the  Paivio,  et.  al.  ratings  was  0.98  for  45  common  items.  The 
correlation  between  the  average  subject  ratings  and  the  Brown  and  Ure  ratings 
was  0.92  for  25  common  items. 

Selection  of  Stimulus  Items.  The  64  nouns  having  the  highest 
concreteness  rating  and  the  64  having  the  lowest  concreteness  rating  were 
selected  as  stimulus  Items.  Each  word  was  used  as  the  basis  for  forming  a 
one-syllable,  prounounceable  nonword  have  all  or  three  of  the  same  letters. 
The  words,  their  concreteness  ratings,  and  the  corresponding  nonwords  are 
shown  in  Appendix  H. 
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APPENDIX  H 


Items  Used  in  Lexical  Decision  Task 


Word 

Frequency^ 

Mean 

Concreteness^ 

Corresponding 

Nonword 

1. 

SOUL 

99 

1.42 

LOUS 

2. 

LOVE 

99 

1.45 

VOLE 

3. 

HOPE 

99 

1.50 

POHE 

4. 

LUCK 

46 

1.55 

CULK 

5. 

FATE 

50 

1.58 

TAPE 

6. 

FEAR 

99 

1.79 

RAPE 

7. 

CARE 

99 

1.87 

CRAE 

8. 

MOOD 

27 

2.00 

DOIM*^ 

9. 

NEED 

99 

2.11 

DEEN 

10. 

TIME 

99 

2.36 

MOTE* 

11. 

SAKE 

50 

2.16 

SKAE 

12. 

RISK 

40 

2.32 

SKIR 

13. 

MIND 

99 

2.39 

NIMD 

14. 

ODDS 

10 

2.45 

DODS 

15. 

EASE 

50 

2.45 

AESE 

16. 

LIFE 

99 

2.50 

EILF 

17. 

LACK 

50 

2.50 

CLAK 

18. 

MYTH 

8 

2.55 

HYMT 

19. 

FAME 

50 

2.55 

MAFE 

20. 

GLEE 

9 

2.58 

LEGE 

21. 

CALM 

50 

2.61 

LAMC 

22. 

GOAL 

21 

2.66 

LOAG 

23. 

GAIN 

99 

2.71 

NAIG 

24. 

RATE 

99 

2.82 

TROE* 

25. 

SORT 

99 

2.92 

ROST 

26. 

OATH 

18 

3.00 

HOAT 

27. 

JEST 

20 

3.00 

STEJ 

28. 

HINT 

9 

3,00 

NITH 

29. 

MODE 

23 

3.03 

OEMD 

30. 

RULE 

99 

3,05 

LEUR 

31. 

PLEA 

10 

3.08 

LAPE 

32. 

EAST 

99 

3.18 

STEA 

33. 

HARM 

50 

3.21 

MAHR 

34. 

ROLE 

11 

3.32 

ORLE 

35. 

PLAN 

99 

3.34 

NALP 

36. 

RUIN 

50 

3.34 

NUIR 

37. 

FUSS 

11 

3.34 

SUPS 

38. 

DIET 

27 

3.39 

TIED 

39. 

WEST 

99 

3.39 

TEWS 

40. 

PACE 

50 

3.45 

CEIP* 

41. 

HOUR 

99 

3.45 

HURE 

42. 

SPAN 

13 

3.50 

NASP 

43. 

REST 

99 

3.50 

ERST 

44. 

TYPE 

99 

3.53 

PYTE 

45. 

TASK 

50 

3.55 

KEST* 

46. 

RANK 

50 

3.58 

NIRK* 
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APPENDIX  H 


Items  Used  In  Lexical  Decision  Task 
(continued) 


Frequency^ 

Mean 

Corresponding 

Word 

Concreteness^ 

Nonword 

47. 

BULK 

20 

3.61 

KULB 

48. 

SIZE 

99 

3.61 

ZISE 

49. 

COST 

99 

3.63 

STEC* 

50. 

WEEK 

99 

3.66 

EWKE 

51. 

FACT 

99 

3.66 

CAFT 

52. 

BOND 

50 

3.68 

BUND* 

53. 

YEAR 

99 

3.71 

YARE 

54. 

TERM 

50 

3.74 

REMT 

55. 

DOSE 

8 

3.82 

SADE* 

56. 

CODE 

21 

3.92 

DOCE 

57. 

FOLK 

50 

3.95 

KLOF 

58. 

SALE 

50 

3.97 

LASE 

59. 

VIEW 

99 

4.00 

WUVE 

60. 

POLL 

17 

4.03 

LOLP 

61. 

FLAW 

6 

4.03 

WALF 

62. 

CURE 

46 

4.05 

RUCE 

63. 

VICE 

34 

4.05 

CEIV 

64. 

WORK 

99 

4.08 

ROWK 

65. 

TOWN 

99 

6.13 

TWON 

66. 

LAND 

99 

6.24 

NALD 

67. 

RACK 

29 

6.24 

KARC 

68. 

CASH 

46 

6.29 

CHIS* 

69. 

LAWN 

37 

6.32 

WALN 

70. 

TOMB 

22 

6.39 

BOMT 

71. 

SEAT 

99 

6.39 

TASE 

72. 

SCAR 

17 

6.42 

CRES* 

73. 

DUST 

50 

6.45 

SUDT 

74. 

TOOL 

4(1 

6.45 

LOTE* 

75. 

TUBE 

32 

6.45 

BUTE 

76. 

BOWL 

50 

6.45 

WOLB 

77. 

POLE 

50 

6.47 

PLOE 

78. 

FIRE 

99 

6.50 

RIFE 

79. 

VEIN 

30 

6.50 

NIVE 

80. 

TAIL 

50 

6.50 

ALIE* 

81. 

MONK 

20 

6.50 

KIME* 

82. 

FORT 

43 

6.53 

TORF 

83. 

ROOT 

50 

6.55 

OORT 

84. 

WING 

99 

6.58 

NIWG 

85. 

SEED 

50 

6.61 

DESE 

86. 

PEAR 

21 

6.63 

PREA 

87. 

BEEF 

20 

6.66 

FEBE 

88. 

ROOF 

99 

6.66 

RAPE* 

89. 

HORN 

50 

6.68 

OHRN 

90. 

DIRT 

21 

6.68 

TRID 

91. 

PLUM 

23 

6.68 

MULP 

92. 

HARP 

20 

6.68 

PRAH 
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APPENDIX  H 


Items  Used  In  Lexical  Decision  Task 
(concluded) 


Frequency^ 

Mean 

Corresponding 

Word 

Concreteness^ 

Nonword 

93. 

PAIL 

16 

6.71 

LAIP 

94. 

COIN 

50 

6.71 

NOIC 

95. 

SALT 

99 

6.74 

LATS 

96. 

VEST 

21 

6.74 

STEV 

97. 

TWIG 

22 

6.74 

GWIT 

98. 

WOOD 

99 

6.76 

DWOE* 

99. 

LEAF 

27 

6.76 

LAFE 

ICO. 

GOLD 

99 

6.79 

DOLG 

101. 

PIPE 

50 

6.79 

EIPP 

102. 

RAIN 

99 

6.79 

AIRN 

103. 

OVEN 

29 

6.79 

VONE 

104. 

ROBE 

31 

6.82 

BROE 

105. 

DESK 

50 

6.82 

SKED 

106. 

POND 

30 

6.84 

DONP 

107. 

LAKE 

99 

6.84 

ILIE* 

108. 

MOSS 

22 

6.84 

SIMS* 

109. 

VINE 

38 

6.84 

NIVE 

no. 

NOSE 

99 

6.84 

SONE 

111. 

CANE 

19 

6.87 

NACE 

112. 

MULE 

29 

6.89 

LUME 

113. 

SAND 

50 

6.89 

NADS 

114. 

TENT 

50 

6.92 

ENTT 

115. 

MILK 

99 

6.92 

KLIM 

116. 

FLAG 

50 

6.92 

GLAF 

117. 

TIRE 

99 

6.92 

RETE 

118. 

GIRL 

99 

6.95 

LIRG 

119. 

NAIL 

50 

6.95 

NULE* 

120. 

ROPE 

50 

6.95 

ORPE 

121. 

SHIP 

99 

6.95 

PHIS 

122. 

DOVE 

19 

6.97 

VODE 

123. 

FORK 

31 

6.97 

FROK 

124. 

TREE 

99 

6.97 

REET 

125. 

FOOT 

99 

6.97 

TOOF 

126. 

HAND 

99 

6.97 

NIHD* 

127. 

LION 

50 

7.00 

NOIL 

128. 

FROG 

25 

7.00 

GROT 

Items  1-64  are  categorized  "concrete";  Items  65-128  are  "abstract". 


Average  Concreteness  Rating  for  "Concrete"  Words  -  6.7 
Average  Frequency  Rating  for  "Concrete"  Words  -  54.1  per  million 


Average  Concreteness  Rating  for  "Abstract"  Words  >  3.0 
Average  Frequency  Rating  for  "Abstract"  Words  ■  59.4  per  million 

^According  to  Thorndike  and  Lorge  (1944) 

^The  higher  the  value,  the  higher  the  perceived  concreteness.  Maximum  -  7. 
^One  vowel  changed  from  word. 
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Horizontal  Stimulus  Orientation 
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RA  >  Response  Assignment 

Visual  Field  -  Left,  Right,  or  Center 


Vertical  Stimulus  Orientation 
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RA  =*  Response  Assignment 

Visual  Field  =  Left,  Right,  or  Center 
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APPENDIX  1-2  (Concluded) 

Experiment  17:  Percentage  of  Error  for 
Individual  Subjects 
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Experiment  17:  Median  Reaction  Time  (RT,  msec)  and  Percentage  of 
Error  (X  Err)  for  Omitted  Subjects. 


